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PROBLEM TO BE SOLVED: To provide a buried ^ ;■ 

element-isolating technique using an organic silicon CVD 
method or the like such that the generation of crystal 
defects in an element forming region is restrained. 
SOLUTION: A buried element isolated substrate is 
formed by selectively forming a groove portion 6 at a 
predetermined posiition of a semiconductor substrate 5, 
and embedding an oxide film formed by an organic silicon 
CVD method into the groove portion 6 as a buried oxide 
film 7. This buried oxide film 7 is heat-treated at 1100- 
1350° C before or after flattening of the semiconductor 
substrate 5. By heat-treatment, at least five membered 
ring or structure and at most four-membered ring 
structure in the buried oxide film 7 are constituted at a 
predetermined ratio. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Two or more slots formed in a part of front face of a semiconductor substrate. The 
embedded oxide film formed in the interior of this slot The element formation field formed 
between these slots. It is the isolation semiconductor substrate equipped with the above, and is 
characterized by this embedded oxide film being an oxide film which was formed by organic 
silicon system CVD, the method of applying application glass, or one method of the anode 
oxidation methods, and was heat-treated at the temperature of 1 100-1350 degrees C. 
[Claim 2] Width of face II of depth d of the aforementioned slot, and opening of the 
aforementioned slot Aspect ratio d/11 defined by the ratio with a size Isolation semiconductor 
substrate according to claim 1 characterized by being ten or less. 

[Claim 3] Width of face II of opening of the aforementioned slot It considers as the minimum 
space width efface, and is the width efface 12 of the aforementioned element formation field. II 
defined by this predetermined direction in line [ of the predetermined direction made into the 
minimum line width efface ] and the repeat pattern of - space 12 Ratios 11/12 Isolation 
semiconductor substrate according to claim 1 characterized by being 1.5 or less. 
[Claim 4] It is the isolation semiconductor substrate which is an isolation semiconductor 
substrate which consists of an element formation field formed between the embedded oxide film 
formed in two or more slots formed in a part of front face of a semiconductor substrate, and the 
interior of this slot, and this slot and a slot and is characterized by this embedded oxide film 
being an amorphous silicon oxide which contains the ring structure more than 5 member rings, 
and the ring structure below 4 member rings at a predetermined rate, respectively. 
[Claim 5] For the predetermined rate of the aforementioned ring structure, below whole 85% or 
more and 4 member rings are the isolation semiconductor substrate according to claim 4 to 
which it is determined at a rate over the integrated intensity of the whole integrated intensity of 
the Raman shift corresponding to each aforementioned ring structure, and is characterized by 
more than 5 member rings being the structure of fulfilling both both [ either or ] of being 15% or 
less of the whole substantially, substantially. 

[Claim 6] The aforementioned embedded oxide film is an isolation semiconductor substrate 
according to claim 4 characterized by being the oxide film which was formed by organic silicon 
system CVD, the method of applying application glass, or one method of the anode oxidation 
methods, and was heat-treated at the temperature of 1 100-1350 degrees C. 
[Claim 7] Width of face II of depth d of the aforementioned slot and opening of the 
aforementioned slot Aspect ratio d/11 defined by the ratio with a size Isolation semiconductor 
substrate according to claim 4 characterized by being ten or less, 

[Claim 8] Width efface II of opening of the aforementioned slot It considers as the minimum 
space width efface, and is the width efface 12 of the aforementioned element formation field, II 
defined by this predetermined direction in line [ of the predetermined direction made into the 
minimum line width efface ] -, and the repeat pattern of - space 12 Ratios 11/12 Isolation 
semiconductor substrate according to claim 4 characterized by being 1.5 or less. 
[Claim 9] The manufacture method of the isolation semiconductor substrate characterized by 
including the following processes at least 



(b) The 3rd process which heat-treats the 2nd process (c) this oxide film which embeds an oxide 
film by organic silicon system CVD in the 1st process (b) this slot which forms two or more slots 
in a part of front face of a semiconductor substrate at the substrate temperature of 1 100 
degrees C - 1350 degrees C. [Claim 10] The organic silicon system CVD in the 2nd process of 
the above is the manufacture method of the isolation semiconductor substrate according to 
claim 9 characterized by being ordinary-pressure CVD, reduced pressure CVD, a plasma CVD 
method, optical CVD, or the liquid phase CVD. 

[Claim 11] heat treatment in the 3rd process of the above — H2 etc. — inert gas, such as 
reducing gas, and helium, Ne, Ar. Kr, Xe, 02, N2, and HCI, CO and C02 The manufacture method 
of the isolation semiconductor substrate according to claim 9 characterized by being carried out 
in the mixed gas which consists of either or two or more sorts of gas by which shell selection 
was carried out among these. 

[Claim 12] The 2nd process of the above is the manufacture method of the isolation 
semiconductor substrate according to claim 9 characterized by carrying out flattening of the 
front face until it deposits an oxide film more thickly, than a slot and the front face of the 
account semiconductor substrate of back to front is substantially exposed. 
[Claim 13] The 2nd process of the above is the manufacture method of the isolation 
semiconductor substrate according to claim 9 which is the process which deposits an oxide film 
more thickly than a slot and is characterized by including further the 4th process which carries 
out flattening of the front face until the front face of the aforementioned semiconductor 
substrate is substantially exposed after the 3rd process of the above. 
[Claim 14] Flute width II of depth d of the aforementioned slot, and opening of the 
aforementioned slot Aspect ratio d/11 defined by the ratio with a size The manufacture method 
of the isolation semiconductor substrate according to claim 9 characterized by being ten or less. 

[Claim 15] Width efface II of the aforementioned slot It considers as the minimum space width 
efface, and is the width efface 12 of the aforementioned element formation field. k1 defined by 
this predetermined direction in line [ of the predetermined direction made into the minimum line 
width efface ] - and the repeat pattern of - space 12 The manufacture method of the isolation 
semiconductor substrate according to claim 9 characterized by a ratio II / 12 being 1.5 or less. 
[Claim 16] The manufacture method of the isolation semiconductor substrate characterized by 
including the following processes at least 

(b) Prepare the 1st semiconductor substrate which has the 1st and 2nd main front faces. The 
oxide film for direct junction is formed in the 1st main front face by organic silicon system CVD. 
this — after performing 1st heat treatment in the substrate temperature of 1 100 degrees C - 
1350 degrees C — this ~ flattening of the 1st main front face is carried out — the 1st process 
1st process (b) this the oxide film for direct junction which performs 1st heat treatment [ in / 
the after / flattening / substrate temperature of 1100 degrees C - 1350 degrees C / for the 1st 
main front face ] is minded, or — this — the 1st semiconductor substrate — this — The 2nd 
different semiconductor substrate from the 1st semiconductor substrate is joined directly, this - 
- the 1st semiconductor substrate — this — then this — the 2nd process (c) which adjusts the 
1st semiconductor substrate to predetermined thickness — this — the 1st semiconductor 
substrate — this — by organic silicon system CVD to the slot of this plurality [ (d) / 3rd 
process ] which forms two or more slots in a part of 2nd main front face The 5th process which 
performs 2nd heat treatment in the substrate temperature of 1100 degrees C - 1350 degrees C 
to the embedded 4th process (e) this oxide film which forms an embedded oxide film. [Claim 1 7] 
The organic silicon system CVD in the above 1st and the 4th process is the manufacture 
method of the isolation semiconductor substrate according to claim 1 6 characterized by being 
ordinary-pressure CVD, reduced pressure CVD, and plasma CV-methodD, optical CVD, or the 
liquid phase CVD. 

[Claim 18] the above 1st and the 2nd heat treatment — H2 etc. — inert gas, such as reducing 
gas, and helium, Ne, Ar, Kr, Xe, 02, N2, HCI, CO and 002, and ******** — or the manufacture 
method of the isolation semiconductor substrate according to claim 16 characterized by being 
carried out in the mixed gas which consists of two or more sorts of gas by which shell selection 



was carried out among these 

[Claim 1 9] The 4th process of the above is the manufacture method of the isolation 
semiconductor substrate according to claim 16 characterized by carrying out flattening of the 
front face until it deposits an oxide film more thickly than a slot and the 2nd main front face of 
the semiconductor substrate of the account 1st of back to front is substantially exposed. 
[Claim 20] The 4th process of the above is the manufacture method of the isolation 
semiconductor substrate according to claim 16 which is the process which deposits an oxide film 
more thickly than a slot and is characterized by including further the 6th process which carries 
out flattening of the front face until the 2nd front face of the semiconductor substrate of the 
above 1st is substantially exposed after the 5th process of the above. 
[Claim 21] Flute width II of depth d of the aforementioned slot, and opening of the 
aforementioned slot Aspect ratio d/11 defined by the ratio with a size The manufacture method 
of the isolation semiconductor substrate according to claim 16 characterized by being ten or 
less. 

[Claim 22] Width of face 11 of the aforementioned slot It considers as the minimum space width 
efface, and is the width efface 12 of the aforementioned element formation field II defined by 
this predetermined direction in line [ of the predetermined direction made into the minimum line 
width of face ] - and the repeat pattern of - space 12 The manufacture method of the isolation 
semiconductor substrate according to claim 16 characterized by a ratio II / 12 being 1.5 or less. 
[Claim 23] The manufacture method of the isolation semiconductor substrate characterized by 
including the following processes at least 

(b) Prepare the 1st semiconductor substrate which has the 1st and 2nd main front faces. The 
oxide film for direct junction is formed in the 1st main front face by the organic silicon system 
CVD. this — the 1st process (b) which forms two or more slots in a part of 1st main front face - 

- this — after heat^reating in the substrate temperature of 1 100 degrees C - 1350 degrees C - 

- this — flattening of the 1st main front face is carried out — the 2nd process 2nd process (c) 
this the oxide film for direct junction which performs heat treatment [ in / the after / 
flattening / substrate temperature of 1 100 degrees C - 1350 degrees C / for the 1st main front 
face ] is minded, or — this — this — the 1st semiconductor substrate — this — the 2nd 
different semiconductor substrate from the 1st semiconductor substrate — direct — joining — 
after that — this — until a part of this oxide film for direct junction exposes the thickness of 
the 1st semiconductor substrate thin — carrying out — this — the 3rd process which forms in 
the 2nd main front face of the 1st semiconductor substrate the element formation field 
surrounded by this oxide film for direct junction 



[Translation done.] 



* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the substrate for 
semiconductor integrated circuits and its manufacture methods, such as LSI, and is especially 
the element of a semiconductor integrated circuit. 
[0002] 

[Description of the Prior Art] In order to form LSI, it is required to form the isolation field which 
separates electrically one element formation field and other element formation fields around the 
element formation field which forms passive elements, such as active elements, such as a 
transistor, or resistance, and a capacitor. MOS and LSI technology, and bipolar This element As 
shown in drawing t5 , LOCOS technology (the LOCOS method) uses a nitride (Si3 N4 film) 88 as 
a mask, performs selective oxidation, and it is Si 3N4, The oxide film (Si02 film) 82 formed in Si 
front face of a place without a film is used as an insulating layer of an isolation field. This 
element However, it results in a deep micro-processing time submicron [ submicron one to ], and 
this LOCOS technology is also approaching the limitation still more. The greatest trouble is 
generating of the crystal defect by pervasion of the element formation field (active region) by 
existence of the so-called BAZU beak, and generating of a local stress at the time of field oxide- 
film formation. For VLSI or ULSI, especially the BAZU beak is the prevention factor of high 
integration, and in order to lessen pervasion by the BAZU beak and to make it detailed, it cannot 
but make thickness of an oxide film 82 thin. However, making thickness of an oxide film 82 thin 
generates the problem that pressure-proofing between elements falls. In order to conquer this, 
improvement and the new separation technology of the LOCOS method are proposed variously. 
For example, the improvement element which used the LOCOS method as the base These 
elements Si02 after this forms U slot in a silicon substrate 5 etc. — it is the isolation 
technology which deposits an insulating material 77 so that U slot may be embedded 
[0003] The various demands of homogeneity, flat nature, and level difference covering nature 
(step coverage), membraneous quality, low-temperature-izing of a process, etc. are imposed on 
the insulator layer deposition technology used by the BOX method. Among these [ especially ], 
low-temperature-izing of level difference covering nature and a process is important A good 
insulator layer is required of manufactures of a semiconductor integrated circuit to which high 
integration progresses increasingly, such as a G scale integrated circuit (GSI), at low 
temperature. Although the mono silane (SiH4) which can be conventionally formed comparatively 
at low temperature (300-450 degrees C) to this demand, and LTO (Low Temperature Oxide) 
which is the CVD technology using N2 0 etc. are known, generally, LTO is based on formation 
conditions and it is [ level difference covering nature is-bad and ] inferior also in membraneous 
quality. Especially the oxide film by ordinary-pressure CVD or reduced pressure CVD show's a 
tensile stress, and has the fault that crack resistance is weak. 

[0004] Research of the CVD technology using an organic silicon system material which makes 
representation TEOS (tetraethyl orthochromatic silicate : Si4 (00 two H5)) in view of these 
requirements recently is active. For example, TEOS and 03 According to the reaction, formation 
of an insulator layer is possible at low temperature 450 degrees C or less, and, moreover, it is 



because level difference covering nature is good. 
[0005] 

[Problem(s) to be Solved by the Invention] What has the comparatively shallow depth of flute is 
advantageous to detailed-izing among the BOX methods shown in drawing 16 , and it is also 
called the shallow trench dissociating (Shallow Trench Isolation;STI) method. However, at the 
point which compares this STI method with the LOCOS method, and makes an element detailed, 
although it is advantageous Between semiconductor substrates, such as silicon used as an 
active element field (element formation field), and the insulator (for example, oxide of silicon) 
embedded in a slot Since coefRcients of thermal expansion differed, stress arose in the 
semiconductor substrate like the heat process in the LSI manufacturing process under isolation 
field formation or after isolation field formation, and there was a problem of making the crystal 
defect of transposition 12 grade as shown in drawing 1 6 as a thick solid line generated. When the 
organic silicon source is especially used as a raw material for formation of a silicon oxide, a 
close-up of the problem of the impurity resulting from the material-refining technology of the 
organic silicon source has been taken. That is, since it is difficult to obtain the organic silicon 
source of a high grade in the present condition, impurities (for example, H2 0, the organic 
substance, etc.) other than the oxide (Si02) of silicon are Si02 immediately after deposition. It is 
remaining or sticking to inside. Therefore, the various troubles which originate in these impurities 
being dissociated like a 800-1 000-degree C subsequent heat process arise. 100-20 ppm of 
moisture as an impurity in an organic silicon source raw material are usually contained. For this 
reason, the problem that thermal expansion coefficients differ upwards, film contraction is added 
in connection with the maceration of the moisture in a pad oxide film, and excessive compressive 
stress joins a silicon substrate is mentioned, for example by Si02 (pad oxide film) embedded with 
the silicon substrate in the silicon device. Furthermore, the conventional STI structure shown in 
drawing 1 6 had the fault of becoming easy to introduce a crystal defect into a substrate in the 
heat process under isolation field formation or accompanying a subsequent element 
manufacturing process. That is. the element by the STI method using the conventional organic 
silicon source 

[0006] In an actual LSI manufacture process, the stress resulting from the damage by the ion 
implantation other than the stress resulting from the existence of an isolation field itiself, the 
stress incidental to various multilayers from which a property differs, respectively, such as an 
electrode and a layer insulation film, being formed further, etc. have arisen, and it is especially 
easy to generate a crystal defect. There is a multiplication-effect of the crystal defect resulting 
from the STI structure itself and the crystal defect which originated in addition to this. The 
crystal defect generated in the substrate becomes easy to capture a metal impurity etc. For this 
reason, in the conventional STI method, there was a problem that junction leak increased or 
electric [ — dielectric breakdown of a gate oxide film arises — / poor ] occurred by existence of 
the crystal defect in a barrier layer (element formation field). Therefore, development of the 
isolation technology in which an element formation field is not made to generate a crystal defect 
is the important technical problem in the LSI manufacture which is future and which turned 
minutely which should be solved. 

[0007] That is, elements which turned minutely, such as GSI, ULSI, and VLSI By the STI method, 
although there is no problem of a BAZU beak, surface flat nature and suppression of generating 
of a crystal defect are the important technical problems which should be solved. 
[0008] In view of the above troubles, this invention is the semiconductor device which used the 
analogous pad isolation method for the STI method or the STI method, and is Si02. It aims at 
offering the semiconductor substrate for the high accumulation density semiconductors with 
which the crystal defect generated to the element formation field resulting from stress was 
reduced. 

[0009] Other purposes of this invention are Si02. It is reducing the crystal defect resulting from 
stress, suppressing the pn junction leakage current in an element formation field, and offering 
simultaneously the manufacture method of the semiconductor substrate in which the formation 
of high accumulation density is possible. 

[0010] The purpose of further others of this invention is offering the manufacture method of the 



semiconductor substrate which can embed a good oxide film with the etching rate equivalent to 

the etching rate of a thermal oxidation film to an isolation field at low temperature. 

[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 1st feature 
of this invention Two or more slots 6 formed in a part of front face of a semiconductor substrate 
so that it might illustrate to drawing 1 (e), drawing 7 (f), drawing 9 (g). and drawing 14 (e), It is the 
isolation semiconductor substrate which consists of an element formation field between the 
embedded oxide film 71 formed in the interior of a slot 6, and a slot 6 and a slot 6. The 
embedded oxide film 71 is the oxide film which was formed by the method of applying the resin 
glass called organic silicon system CVD and so-called SOG (Spin-on-glass) method, or one 
method of the anode oxidation methods, and was heat-treated at the temperature of 1100-1350 
degrees C after that. "Two or more slots" is the minds that plurality is observed in the cross 
section here, when it observes by the predetermined cutting plane, and the configuration on a 
flat-surface pattern is not limited. That is, in the fixed case, as a flat-surface pattern, these 
slots may become with one slot continuously. For example, two or more slots 6 shown in drawing 
1 (a) although the plan with which drawing 1 corresponds is omitted are n+ as shown in the * 
center section of drawing 1 (e). The source field 91 and n+ You should interpret, if \X is possible 
for the surroundings of the element formation fiejd in which the MOS transistor possessing the 
drain field 92 etc. is formed to be understood to be formed as circumference and a field 
[ surrounding ] of one. Or as shown in drawing 12 , the embedded oxide film 71 is arranged in the 
shape of an island, and does not need to surround the surroundings of an element formation field 
completely. Anyway, if two or more slots exist so that it may face across an element formation 
field when it observes in a fixed cross section, it is equivalent to "two or more slots" said to this 
invention. In addition, although attained, since the composition of equipments, such as a coil for 
heat treatment and a furnace, becomes difficult and the contamination to a semiconductor 
substrate also poses a problem from a furnace, if the present technology is taken into 
consideration, it is not realistic [ the purpose of this invention ], even if it heat-treats an oxide 
film at the temperature of 1350 degrees C or more, moreover, the thing which cannot be carried 
out to an elevated temperature beyond the melting point of an oxide film — this contractor — 
obvious — it will be . 

[0012] Preferably, it is the width of face II of depth d of these slots 6 formed in the front face of 
a semiconductor substrate in the 1st feature, and opening of these slots 6. Aspect ratio d/11 
defined by the ratio with a size It is ten or less. It is because it became clear experimentally that 
the defect density observed to an element formation field in ten or less aspect ratio reduces the 
1st feature of this invention, and the defect density which ten or more aspect ratios of 
reduction-izing of the stress of the embedded oxide film 71 are insufficient, and originated in this 
stress does not decrease as shown in drawing 10 . Moreover, it is the width of face II of a slot 
preferably. It considers as the minimum space width efface, and is the width efface 12 of an 
element formation field. II defined by this predetermined direction in line [ of the predetermined 
direction made into the minimum line wjdth efface ] -, and the repeat pattern of - space 12 It is 
that a ratio II / 12 is 1.5 or less. As shewn in drawing 13 , it is II / 12. Or more in 1.5, also with 
1100 degrees C - 1350 degrees G heat treatment, the stress of an oxide film cannot be reduced 
but a crystal defect generates it. In addition, this II / 12 A fixed direction is defined, it is the 
pattern of a direction which intersects perpendicularly to the direction of the repeat of this line - 
and - space pattern, i.e., the direction which intersects perpendicularly with cutting plane X-X of 
drawing 1 1 (b), and 1.5 or more may be the ratio of the pattern size of a portion which does net 
serve as the minimum line width efface or the minimum space width efface. The case where 
line - and - space pattern existed in a 2-way was shewn in drawing 12 . drawing 12 — setting — 
the direction of X-X — setting — a ratio — II x/l2x give a definition — having — the direction 
of Y-Y — setting — a ratio — 1 1 y/l2y is defined In such a case, in the direction of either, a 
ratio should just be 1.5 or less at least For example, II x/l2x <=1.5 .... (1) 
I1y/I2y> 1.5.... (2) 

What is necessary is to come out, and just to adopt (1) formula, if it is. What is necessary is just 
to adopt (2) formulas, when reverse, of course — both directions — setting — a ratio — neither 



11 x/l2x nor II y/l2y also cares about ****** or less with 1.5 "The ratio of 11 andl2 which are 
defined by the predetermined direction" of this invention is the ratio [ in / the defined 
direction / it defines as any one direction and ] II / 12 as mentioned above. With 1.5 / or less /, 
about other directions, you should understand in the meaning of not asking. 
[0013] The 2nd feature of this invention is the isolation semiconductor substrate of a. 
configuration which is illustrated to the 1 st the same drawing 1 (e) as th feature, drawing 7 (f), 
drawing 9 (g), and drawing 14 (e), and these embedded oxide films 25 and 71 are the amorphous 
silicon oxide which contains the ring structure more than 5 member rings, and the ring structure 
below 4 member rings at a predetermined rate, respectively. 

[0014] here — predetermined — comparatively — Raman scattering — a spectrum — the 
whole (integrated intensity of all spectrums) integrated intensity of each Raman shift 
corresponding to the many-membered ring structure more than 3 member rings as shown in 
drawing 4 (a) called for from measurement of a spectrum and 4 (b), 4 member rings, and 5 
member rings rate is the predetermined meaning said comparatively That is, the rate of the 
integrated intensity of each Raman shift at the time of making the spectral region of wave 
number 300-700cm-1 into the whole, as shown in drawing 4 (a) and 4B (b) is meant. The 
integrated intensity of each Raman shift is defined within a predetermined spectral range 
including a corresponding peak here. 

[0015] That is, it is (i) as shown in drawing 5 . The integrated-intensity ratio of Lamaism 
SHINFUTO more than corresponding to 5 member rings substantially 85% or more of the whole 
(ii) by being the amorphous silicon oxide (Si02 film) with which there are few two conditions of 
15% or less of the whole, and the integrated-intensity ratio of the Raman shift corresponding to 
4 member rings or 3 member rings fills ** one side substantially The stress in the embedded 
oxide film 25 and 71 and the stress of the interface of the embedded oxide films 25 and 71 and 
the semiconductor substrates 5, 16, and 23 will be eased, and generating of the transposition in 
an element formation field will be suppressed. "It is 85% or more substantially" is the mind of 
permitting about about 80% or more by drawing 5 as an error bar shows here. Moreover, "it is 
15% or less substantially" is the mind that even about about 20% or less is permitted. When both . 
3 member rings and 4 member rings are included, the sum of 3 member rings and 4 member rings 
should just be 15% or less substantially. That is, you should understand it as meaning the relation 
indicated to be 85% or more said to this invention and 15% or less to drawing 5 . In addition, of 
course in calculation of the integrated-intensity ratio in the 2nd feature of this invention, the 
background component is removed. According to the structure of the 2nd feature of this 
invention, the leakage current of the pn junction formed all over an element formation field 
decreases, and large scale integration with the good property can be realized. In addition, it is 
almost equal to the etching rate to which a thermal oxidation film corresponds by the etching 
rate by NH4 F becoming 130 or less nn/min as the etch rate (etching rate) of the oxide film 
which contains substantially 4 member rings or 3 member rings 15% or less 85% or more shows 
more than 5 member rings of this invention substantially to drawing 6 . Therefore, what is 
necessary is just to investigate an etching rate as verification of composition of 4 member rings 
more than 5 easy member rings. 

[0016] The 3rd feature of this invention is including at least each following process which is 
illustrated to drawing 1 (a) - (e) or drawing 7 (d) - (f). namely, (**) — the 1st process which 
forms two or more slots 6 in a part of front face of the semiconductor substrates 5 and 16 as 
shown in drawing 1 (a) or drawing 7 (d), and (**) — drawing 1 (b) — (c) Or it is characterized by 
including at least the 2nd process which embeds oxide films 7 and 71 by organic silicon system 
CVD in a slot 6 as shown in drawing 7 (e). and the 3rd process which heat-treats the (c) oxide 
film 71 at the substrate temperature of 1 100 degrees C - 1350 degrees C. It is as having 
mentioned above that "two or more slots" is the concepts at the time of seeing in a fixed cross 
section. Organic silicon system CVD means CVD which used the organic silicon sources, such as 
TEOS (Tetraethylorthosilicate;Si4 (OC two H5)), TMOS (Tetramethoxysilane;Si4 (0CH3)), TPOS 
(Tetrapropoxysilane;Si4 (OC three H7)), or DADBS (Diacetoxyditertiarybutoxysilane;(C4 H9 0)2 
Si-(0C0CH3) 2), as the raw material. 

[0017] Preferably, the organic silicon system CVD in the 2nd process is ordinary-pressure CVD, 



reduced pressure CVD, a plasma CVD method, optical CVD, or the liquid phase CVD. Ordinary- 
pressure CVD is 02. The so-called ozone system ordinary-pressure CVD using the ozone (03) 
which introduce into an ozonizer, it was made to discharge and was made to form is sufficient 
Reduced pressure CVD (LPCVD) is TEOS-03. The CVD which reacts by reduced pressure- 
ization of 6,7kPa(s) etc. is said. Plasma CVD is 13.56MHz, Or 150kHz What is necessary is just 
to carry out using the gas sources, such as TEOS, 02, and helium, using plasma electric 
discharge of a grade. The excimer laser light by ArF (1 93nm), KrF (249nm), XeCI (SOSnm), XeF 
(350nm), etc., a high-pressure mercury lamp, a mercury-xenon lamp, etc, should just perform 
optical CVD mainly by the photoreaction using the light energy of ultraviolet radiation, 02 
excited by for example, RF electric discharge- with liquid phase CVD -40 degrees C [ using TMS 
(Tetramethylsilane;Si4 (CH3)) ] CVD etc, is said, 

[0018] the oxide film according to organic silicon system CVD preferably — H2 etc. — - inert gas, 
such as reducing gas, and helium, Ne, Ar, Kr, Xe, 02, N2, HCI, CO, or C02 It is carried out in the 
mixed gas which consists of either or two or more sorts of gas by which shell selection was 
carried out among these, 

[0019] Moreover, as for formation of the embedded oxide film in the 2nd process, it is desirable 
that the step which carries out flattening of the front face is included until the front face of the ^ 
semiconductor substrate 5 is substantially exposed, as an oxide film 7 is deposited more thickly 
than a slot as specifically shown in drawing 1 (b), and shown in drawing 1 (c) after that. Here with 
"the front face of a semiconductor substrate is substantially exposed" There is not necessarily 
no need of carrying out etchback until the semiconductor substrate 5 is completely exposed, for 
example If there is need in a subsequent process, even if it carries out etchback so that a very 
thin oxide film (50nm - lOOnm or about 300nm) may remain in the front face of the 
semiconductor substrate 5, and it carries out flattening of the front face of a semiconductor 
substrate, it will be the meaning of understanding it as "It has exposed substantially." Moreover, 
the point of the process of flattening and the process of heat treatment is sufficient as 
whichever. Therefore, with ****, as the 2ncl process of the above, it may consider only as the 
process which forms an oxide film more thickly than the depth of a slot by the organic silicon 
system CVD conversely, and a surface flattening process may be performed as the 4th process 
after heat treatment of the 3rd process. 

[0020] The important point in the 3rd feature of this invention is heat treatment temperature 
(annealing temperature). After organic silicon system CVD, among 1000 degrees C - 1350 
degrees C, drawing 2 heat-treats at intervals of 50 degrees C, and shows the result at the time 
of making isolation semiconductor substrate structure as an experiment That is, it is the result 
of carrying out surface SEM observation of the isolation semiconductor substrate after forming 
elements, such as an MOS transistor, in an element formation field (SDG field) with a width of 
face [ between trenches ] of 0.3 micrometers and constituting an MOS IC after this isolation 
field formation. As shown in drawing 2 , at the low temperature side heat treatment temperature 
of 1 100 degrees C or less, it turns out that transposition is occurring frequently. This is the 
transposition 12 in the conventional STI substrate shown in drawing 16 as the thick solid line, 
and the same transposition. 

[0021] The data of drawing 2 are the result of actualizing a transposition pit by the selective- 
etching method, performing SEM observation, measuring the dislocation density in Immximm the 
field of an angle in five points in a field, and averaging those values. At the heat treatment 
temperature to 1000 degrees C - 1100 degrees C, the same transposition 12 as the thick solid 
line of drawing 16 (the conventional technology) is 2 about ten pieces/micrometer. Although it 
has generated, it turns out that it is decreasing at the heat treatment temperature beyond it, i.e., 
the temperature field of this invention. Moreover, an MOS transistor is formed in the SDG field 
which performed the above-mentioned isolation, and the result which measured the junction leak 
property of the n+-p diode corresponding to the pn junction structure in this MOS transistor is 
shown in drawing 3 . In the substrate which carried out heat treatment of 1 100 degrees C or 
more, it turns out that the leakage current is decreasing. This result is reflecting that the 
transposition of the n+-p well joint which is the cause of generating of a leakage current was 
suppressed, and shows that the stress control of the embedded oxide film by this invention is 



effective in transposition suppression and a leakage-current fall. For the same result, the 
direction in heat treatment [ in / the temperature field (1 100 degrees C - 1350 degrees C) of 
this invention / from heat treatment / in / 1000 degrees C or less / when it uses for the 
isolation of the bipolar integrated circuit shown in drawing 8 . are clear, and ] ] is Si02. It turns 
out that stress is eased and the junction leakage current is decreasing. 

[0022] The 4th feature of this invention prepares the 1st semiconductor substrate which has (b) 
1st and the 2nd main front face. As shown in drawing 9 (a), the oxide film 24 for direct junction is 
formed in the 1st main front face of the 1st semiconductor substrate 23 by organic silicon 
system CVD. After performing 1st heat treatment in the substrate temperature of 1 100 degrees 
C - 1350 degrees C, The oxide film 25 for direct junction to which flattening of the front face 
was carried out as shown in drawing 9 (b) is minded, the 1st process and (**) which perform 1st 
heat treatment in the substrate temperature of 1100 degrees C - 1350 degrees C after 
performing the 1st process which performs flattening for the front face as shown in drawing 9 
(b), or flattening — The 1 st semiconductor substrate 23 and the 2nd semiconductor substrate 
26 which is different in the 1st semiconductor substrate 23 are joined directly. The so-called 
SOI (Silicon-On-Insulator) substrate is formed. As shown in drawing 9 (c) after that, the rear 
face of this 1st semiconductor substrate 23 Grinding, the 2nd process and (**) which adjust 
polish etching etc. to predetermined thickness, as shown in a part of 2nd main front face located 
in the side which does not counter the 2nd semiconductor substrate 26 of the 1st 
semiconductor substrate 23 at drawing 9 (d) The 3rd process which forms two or more slots 6 
(drawing 9 (d) has reversed the front reverse side with drawing 9 (c)). (d) Two or more of these 
slots 6 pass, respectively, by organic silicon system CVD It is including at least the 4th process 
which forms the embedded oxide film 7 as shown in drawing 9 (e), and the 5th process which 
performs 2nd heat treatment in the substrate temperature of 1100 degrees C - 1350 degrees C 
to the (e) embedded oxide film 7. The 1st semiconductor substrate 23 and the 2nd 
semiconductor substrate 26 do not need to be semiconductor substrates of the same kind, and 
the combination of semiconductors of a different kind, such as Si and SiC, is sufficient as them 
here. That is, IV groups other than Si and III-V A group, an II-VI group semiconductor, and the 
amorphous quality of the material can also be chosen as the 1st and 2nd semiconductor 
substrates. In addition, the 1st heat treatment in the 1st process may be omitted, and 1100 
degrees C - 1350 degrees C heat treatment of the same conditions as the 1st heat treatment 
may be performed at the time of direct junction of the 2nd process. Or the 1st heat treatment 
may be omitted and the 2nd heat treatment in the 5th process may substitute the 1st heat 
treatment 

[0023] According to the composition of the 4th feature of this invention, the stress of the 
embedded oxide film 71 and the oxide film 25 for direct junction is reduced, and generating of 
crystal defects, such as transposition in an element formation field, is suppressed. 
[0024] The 5th feature of this invention prepares the 1st semiconductor substrate which has (b) 
1st and the 2nd main front face. The oxide film 25 for direct junction is formed in the 1st main 
front face of the 1st semiconductor substrate by organic silicon system CVD. the 1st process 
which forms two or more slots in a part of 1st main front face of the 1st semiconductor 
substrate 23 as shown in drawing 14 (a), and (**), as shown in drawing 14 (a) The 2nd process 
which carries out flattening of the oxide film 25 of the upper part on the 1st front face of main of 
the 1st semiconductor substrate 23 as it is shown in drawing 14 (b), after heat-treating in the 
substrate temperature of 1 100 degrees -C - 1350 degrees C, Or the 2nd process which performs 
heat treatment [ in / the after / flattening / substrate temperature of 1 100 degrees C - 1350 
degrees C / for the oxide film 25 of the upper part on the 1st front face of main of the 1st 
semiconductor substrate 23 ] as shown in drawing 14 (b), and the oxide film 25 for (c) direct 
junction are minded. As shown in drawing 14 (c), the 1st semiconductor substrate 23 and the 2nd 
different semiconductor substrate 26 from the 1st semiconductor substrate are joined directly. 
As it is made thin until a part of oxide film 25 for direct junction exposes the thickness of the 
1st semiconductor substrate 23 after that, and shown in drawing 14 (d), it is including at least 
the 3rd process which forms in the 2nd main front face of the 1st semiconductor substrate 23 
the element formation field surrounded by the oxide film 25 for direct junction. The 1st 



semiconductor substrate 23 and the 2nd semiconductor substrate 26 do not need to be 
semiconductor substrates of the same kind, and the combination of semiconductors of a 
different kind, such as Si and SiC, is sufficient as them here. That is, IV groups other than Si and 
in-V A group and II-VI A group semiconductor and the amorphous quality of the material can be 
chosen as the 1st and 2nd semiconductor substrates. 

[0025] According to the 5th feature of this invention, by 1 time of organic silicon system CVD, 
since the embedded oxide film 25 and the oxide film 25 for direct junction can be formed 
simultaneously, the number of processes decreases as compared with the 4th feature. That is. 
the oxide film 25 for direct junction exposed to the front face of the 1st semiconductor 
substrate 23 will function also as an embedded oxide film. Moreover, since there are also few 
heat treatment processes to the 4th feature, it will contribute to low temperature-ization of a 
process. 

[0026] According to the composition of the 5th feature of this invention, the stress of the 
embedded oxide film 25 and the oxide film 25 for directjunction is reduced, and generating of 
crystal defects, such as transposition in an element formation field, is suppressed. 
[0027] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained 
with reference to a drawing. Although it is general on expression of the drawing of a 
semiconductor device, the following drawings are not the things expressing the exact size, and if 
typical, he should understand them. It should be cautious of especially the relative relation of the 
thickness of each class being ** in an actual ratio etc. 

[0028] (Gestalt of the 1st operation) Drawing 1 (e) is the cross-section structure of the 
embedding isolation semiconductor substrate for MOS ICs concerning the gestalt of operation of 
the 1st of this invention (shallow trench isolation (STI) semiconductor substrate), and drawing 1 
(a) - (d) is the process cross section showing the manufacture method until it results in drawing 
1 (e). The isolation semiconductor substrate concerning the gestalt of operation of the 1st of 
this invention The embedded oxide film 71 is formed in the interior of the slot formed from the 
front face of the semiconductor substrate 5 as shown in drawing 1 (e). Between the element 
formation fields between this embedded oxide film 71 and the embedded oxide fijm 71 n+ The 
source field 91 and n+ The MOS transistor which consists of the drain field 92. the gate oxide 
film 8, the poly silicon-gate electrode 98, the source electrode 93. a drain electrode 94. and a 
layer insulation film 79 is formed. 

[0029] It stops generating the transposition 12 as shown in drawing 16 which eased the MOS IC 
formed in the isolation semiconductor substrate of the gestalt of operation of the 1st of this 
invention by performing heat treatment as the stress of the embedded oxide film 71 shows 
below, therefore was explained to the element formation field with the conventional technology. 
Therefore, the pn junction leakage current resulting from transposition is also reduced 
[0030] The isolation semiconductor substrate concerning the gestalt of operation of the 1st of 
this invention can be manufactured according to the following processes. 

[0031] (b) Form the lOOnm silicon oxide 17 in the front face of the mirror-plane silicon substrate 
of a field direction (100) by the steam-oxidation method (wet oxidation style) etc. first, apply a 
photoresist (illustration ellipsis) to the front face of this oxide film 17, and ********** an oxide 
film 17 by using a photoresist as a mask by the photolithography method. The mask pattern for 
silicon etching which consists of an oxide film 17 by this etching is formed, and the front face of 
the other silicon substrate 5 is exposed. And after removing the photoresist used for oxideHlIm 
etching, in RIE, as the outcrop of this silicon substrate 5 is shown in drawing 1 (a) by using an 
oxide film 17 as a mask, a slot with a width efface [ of 0.3 micrometers ] and a depth of 1 
micrometer is formed. RIE of a silicon substrate 5 is CF4. H2 It is 1.3Pa in pressure about mixed 
gas, and is 13.56MHz. It is RF power 0.22 W/cm2 What is necessary is just to carry out by 
impressing, or SF6 02 Mixed gas or CCI4 etc. — you may perform RIE 

[0032] (b) Next, after washing a substrate, as shown in drawing 1 (b), form an oxide film 7 with 
the organic silicon source, for example, the CVD using TEOS (Si4 (00 two H5)). Before making 
this oxide film deposit, heat oxide-film **** is Si 3N4. You may be making it form thinly. This 
oxide film 7 is formed the whole surface on Si substrate more than by the depth of flute, for 



example, the thickness of 1.1 micrometers, in order to embed a slot completely, as the material 
which embeds this slot — the organic silicon source — an oxidizer, for example, N2 0, 02, and 
03 etc. — what was added may be used the organic silicon source and SiH4 etc. — the silicon 
hydride and SiCI4 etc. — it does not matter even if the CVD which mixed two or more kinds, 
independence or these raw materials, and used the silicon chloride as the raw material can also 
embed a slot by the silicon oxide and adds an oxide to each raw material [ moreover, ] 
[0033] (c) As continuously shown in drawing 1 (c), by carrying out etchback by the ODE method, 
make it expose outside and carry out flattening of the silicon substrate 5 of the portion except 
having been embedded in the slot. 

[0034] (d) The pad oxide film 71 formed with the organic silicon source is Si02. Since many 
impurities of an except, for example, water, are contained, as shown in drawing 1 (d), it heat- 
treats in 1100-1350 degrees C. As shown in drawing 1 (d), some curve (crevice) arises with heat 
treatment This processing is N2. With heat treatment of about 2 hours, although it is good, a 
result with the same said [ the controlled atmosphere of heat treatment ] also of 02, HOI, 
reducing gas, and inert gas is obtained in inside. In addition, although the case where heat 
treatment was performed was explained after removing and carrying out flattening of the oxide 
film on substrates other than an isolation field, the same effect is acquired, even if it removes 
and carries out flattening of the oxide film 7 on substrates other than an isolation field, after 
heat-treating previously. 

[0035] (e) Finally, as shown in drawing 1 (e), form an MOS transistor in the element formation 
field (width of face of 0.3 micrometers), i.e., the SDG field, between trenches. Formation of an 
MOS transistor omits explanation here that what is necessary is just to form in the standard 
MOS process which forms n+ drain field 92 in a self-adjustment target using the poly silicon gate 
78. 

[0036] The dislocation density in an element formation field as shown in drawing 1 (e), after 
forming an MOS transistor in an element formation field is 2 one piece/micrometer, as shown in 
drawing 2 . It is the following. The measurement result of the dislocation density of drawing 2 
performs SEM observation for a sample after selective etching, and is data about the average of 
five points in Immximm the field of an angle. 

[0037] Drawing 3 shows the leakage current of the pn junction diode of the TEG pattern 
corresponding to the structure of the above-mentioned MOS transistor. Namely, n+ Although the 
leakage current of the n+p junction formed between the source field 91 and the p well 5 is shown 
ii^ drawing 3 , the leakage current is decreasing to 15 or less pAs. Since the diode area of a TEG 
pattern is 350micrometerx240micrometer, this is 1.7x10-8 A/cm2. It means that it has 
decreased in the following leakage-current densities. The result of drawing 3 shows that the 
transposition of the n+p joint which is the cause of generating of a leakage current was 
suppressed by the gestalt of operation of the 1st of this invention. 

[0038] Drawing 4 (a), (b), and drawing 5 are the results of investigating the structure of the oxide 
film concerning the gestalt of operation of the 1st of this invention which enables reduction-izing 
of the above-mentioned dislocation density, and reduction-ization of a leakage current using 
Raman scattering. That is, it is the result of investigating the structure of the oxide film (Si02) 
which formed the oxide film uniformly in the field by the formation method of the above- 
mentioned embedding insulator layer, and performed the further above-mentioned heat 
treatment to the silicon substrate first by the Raman-scattering spectroscopy. Si02 Since the 
peak of Raman scattering by the vibration out of Si substrate becomes [ in / measurement / the 
Raman scattering cross section is small and ] dominant Si02 The spectrum of a Raman- 
scattering shift of the silicon substrate currently formed in the front face to Si02 Si substrate in 
which the film is not formed, Si02 with two or more peaks as shown in drawing 4 (a) by 
deducting the spectrum of a Raman-scattering shift The spectrum of Raman scattering is 
acquired. Moreover, if a simulation separates this peak, it is separable into the many-membered 
ring more than 3 member rings, 4 member rings, and 5 member rings like drawing 4 (b). The 
method of separation of this cyclic structure is C.J.Breinker. et al..J.Non-Cryst.Solids 82 (1986) 
177 etc. are established. In drawing 4 (a), annealing 1 is 1000 degrees 0 and heat treatment of 1 
hour, and annealing 2 is 1 150 degrees C and heat treatment of 1 hour. Moreover, annealing 1 and 



annealing 2 are all N2. It is heat treatment in gas atmosphere. 

[0039] If the integrated intensity of the spectrum of each Raman shift is taken for every heat 
treatment temperature and it asks for the ratio (henceforth an integrated-intensity ratio) to the 
whole integrated intensity, it will become like drawing 5 . The whole integrated intensity is the 
integrated intensity of the spectrum in wave number 300-700cm-1, and is the value (it removed) 
which lengthened the background value from Si substrate. It turns out that the integrated- 
intensity ratio of 3 and 4 member ring is reduced from 1 100 degrees C which generating of 
transposition reduces, and the integrated-intensity ratio of the many-membered ring more than 
5 member rings is increasing. Namely, Si02 In a ring structure, it turns out that the stress of the 
embedding material whose integrated-intensity ratio below 4 member rings is the cause of 
generating of transposition substantially if the integrated-intensity ratio of the many-membered 
ring more than whole 15% or less or 5 member rings is 85% or more of the whole substantially is 
eased, and transposition can be suppressed. When the error of measurement of Raman 
scattering etc. is taken into consideration, it is a book if below 4 member rings are about 80% or 
more about 20% or less and more than 5 member rings as shown in drawing 6 . 
[0040] Drawing 6 shows the etching rate (etch rate) of the oxide film concerning the gestalt of 
operation of the 1st of this invention. The etching rate by the heat treatment temperature of this 
invention, i.e.. the NH4 F (ammonium fluoride) solution of an oxide film heat-treated at 1100 
degrees C - 1350 degrees C. is 130 or less nm/min. and is a value almost equal to the etching 
rate of the thermal oxidation film shown in the left-hand side of drawing 6. NH4 F **********s 
[ the oxide film which deposits by organic silicon system CVD and is not heat-treated, and the 
oxide film of the so-called "AZU Dave" ] by the etching rate of about 650 nm/ min. Therefore, it 
both turns out [ to which more than 5 member rings become 80% by elevated^emperature 
annealing of this invention ] that the etching rate of an oxide film falls. It is Si02 of 3 and 4 
member ring more than 5 member rings measured by the etching rate and Raman scattering of 
an oxide film. It can be said that each content corresponds mostly. 

[0041] In addition, although the oxide film 7 was formed by the CVD using the organic silicon 
sources, such as TEOS. at the process of the above-mentioned (b) in the gestalt of the 1st 
operation of this invention, methods other than such an organic silicon system CVD are 
sufficient as the oxideHlIm formation method. For example, you may use the method called the 
so-called SCO (Spin-on-glass:spin-on glass) method. The SCO method applies the resin glass 
which melted the polysiloxane etc. to solvents, such as an acetone and a xylene, using a spinner 
etc.. removes a solvent by 80 degrees C - 100 degrees C prebaking, and is Si02: It is the 
method of forming a film. It is Si02 with the SCO method. The same effect as the above is 
acquired by heat-treating at 1100-1200 degrees C after forming a film. That is. also in the SCO 
method, when the integrated-intensity ratio of whole 85% or more, 3 member rings, or 4 member 
rings carries out [ the integrated-intensity ratio of the many-membered ring more than 5 
member rings called for from the Raman scattered spectrum ] to 1 5% or less of the whole 
substantially, transposition is suppressed and a leakage current decreases. Resin glass is 
indicated by JP,58-51422,B. U.S. JP,3985597,B. the No. 4004044 official report, etc. these resin 
glass is marketed having — **** — Allied Signal-Accuspin 418/720. Allied Signal-Accuglass 
T-11/T-14. Dow-Corning 805. Owens-Illinois650, and General Electric SR125/SR124 etc. — 
what is necessary is just to use [ for example. ] About 600-degree C low-lemperature annealing 
is performed after 80 degrees C - 100 degrees C prebaking, and it may be made to perform 1 100 
degrees C - 1350 degrees C elevated-temperature annealing after that 

[0042] (Gestalt of the 2nd operation) Drawing 7 '(f) is the cross section showing the structure of 
the isolation semiconductor substrate for bipolar integrated circuits concerning the gestalt of 
operation of the 2nd of this invention, and drawing 7 (a) -7(e) is the typical cross section 
showing the manufacture method until it results in the structure of drawing 7 (f). the 
manufacture method of the isolation semiconductor substrate for bipolar integrated circuits 
concerning the gestalt of operation of the 2nd of this invention — (**) — it is first shown in 
drawing 7 (a) — as — the front face of the p type silicon substrate 13 — steam oxidation — 
200-350nm Si02 A film 14 is formed. 

[0043] (b) Next, it is this Si02. As a film 14 is shown in drawing 7 (b) using the photolithography 



method, it carries out patterning, using a photoresist as a mask, the front face of some silicon 
substrates 13 is exposed, and the diffusion mask 14 is formed. And thermal diffusion of the Sb 
(antimony) is carried out using this diffusion mask 14, and it is n+ of impurity density 3x1 020cm- 
3. A buried layer 1 5 is formed. 

[0044] (c) it is shown in drawing 7 (c) after oxide-filriri removal — as — SiH4 SiH2 CI2 etc. — 
PH3 as a silane compound and doping gas etc. — phosphorus compounds — H2 Passing carrier 
gas, it decomposes at an elevated temperature and n layer 1 6 of 2.5 micrometers of thickness is 
grown epitaxially on a substrate. 

[0045] (d) Use a photoresist as a mask, open an aperture in an oxide film 1 7. and form the mask 
17 for etching, after making n layers of about 0.3 micrometers of oxide films 17 form on 16 next 
and forming the pattern of a photoresist on an oxide film 17 by the photolithography method. As 
a photoresist is removed after that, n layers of alternative etching of 16 are performed by using 
an oxide film 17 as a mask layer and it is shown in drawing 7 (d), a slot with a depth of about 3 
micrometers is formed into n layer 16. This alternative etching is CCI4 in order to give an 
anisotropy. Or C2 Br two F4 The RIE method to depend is used. It is SF6 when the aspect ratio 
of a slot is large. The low-temperature microwave plasma etching by gas plasma is desirable. For 
example, what is necessary is to cool substrate temperature at -80 degrees C - -150 degrees C. 
and just to perform plasma etching. 

[0046] (**) — by CVD, as they are shown in drawing 7 (e) still like the case of the gestalt of 
operation of the 1st of this invention, using the organic silicon sources, such as TEOS, TMOS, 
and TPOS, as a raw material, a slot is embedded 

[0047] (**) Finally it is N2 at the elevated temperature of 1100-1350 degrees C as shown in 
drawing 8 (f), after performing flattening for this front face. It heat^reats by holding for 2 hours 
in atmosphere. The atmosphere of this heat treatment is N2. 02 other than gas, HCI, reducing 
gas, and inert gas are also possible, in addition, the above-mentioned explanation — sequence - 
- changing — immediately after CVD — 1 100 degrees C - 1350 degrees 0 heat treatment — 
previously — carrying out — after that — etchback — that is, even if it carries out flattening, 
there is same effect It is n+ to the meantime, using this slot as an isolation field. The collector 
cash-drawer field 20 and p+ A base region 21 and n+ An emitter region 22 is formed, and a 
bipolar transistor is completed as shown in drawing 7 (f). Although illustration of.an emitter metal 
electrode, a collector metal electrode, a layer insulation film, etc. is omitted to drawing 7 (f) for 
simplification; it is the structure of a standard bipolar IC and, naturally these metal electrodes 
and the insulator layer are provided. 

[0048] Drawing 8 is the result of investigating the element property of the npn bipolar transistor 
concerning the gestalt of operation of the 2nd of this invention about a leakage current using a 
TEG pattern. p+ The leakage current of the TEG pattern corresponding to the p+-n junction 
between a base region 21 and n collector field 16 is measured, and it is plotting to each heat 
treatment temperature. The diode area of a TEG pattern is 350x240 micrometers. Setting to the 
temperature requirement (1100 degrees C - 1350 degrees 0) of this invention, the leakage 
current of p+-n junction is 1.7x10-8 A/cm2. It turns out that it is falling to below and the 
transposition which is the leakage-current generating cause is suppressed. 
[0049] (Gestalt of the 3rd operation) Drawing 9 (g) is the cross section of the isolation 
semiconductor substrate concerning the gestalt of operation of the 3rd of this invention, and 
drawing 9 (a) - (f) is the typical cross section showing the manufacture method until it results in 
drawing 9 (g). Although the case where it applies to a BiCMOS integrated circuit in the gestalt of 
operation of the 3rd of this invention is explained, of course, it is applicable to an MOS 10, a 
bipolar integrated circuit, a static-induction-transistor (SIT) integrated circuit, etc. the 
manufacture method of the semiconductor substrate for BiCMOS integrated circuits concerning 
the gestalt of operation of the 3rd of this invention — (**) — first, as shown in drawing 9 (a) 
(100). n type silicon substrate (semiconductor substrate) 23 with the 1st predetermined main 
front face (front face) of a field direction, such as a field, and the 2nd main front face (rear face) 
is prepared It is Si02 with a thickness of 1 micrometer by CVD to the front face (the 1st main 
front face) of this n type silicon substrate 23. A film 56 is formed. CVD should just use the 
organic silicon sources, such as TEOS, HMDS (Hexamethydisiloxane;Si 20(CH3) 6), and OMCTS 



(Octamethylcyclotetrasiloxane;c4 (0Si2 (CH3))). 

[0050] (b) It is n type silicon substrate 23 which next carried out Si02 CVD of drawing 9 (a) 
1100 degrees C - 1200 degrees C and N2 In atmosphere, it holds for 2 hours and heat-treats. 
Then, flattening of the oxide film is carried out to the thickness of 0.3 micrometers using the 
mechanical and chemical grinding (CMP) method etc., carrying out suction fixation of the rear 
face, and the oxide film 25 for direct junction (henceforth "SDB") is formed as shown in drawing 
9(b). 

[0051] (c) Next, form a SDB substrate by preparing independently the silicon substrate 26 which 
ground the front face to the mirror plane, and heat-treating mutually n type silicon substrate 23 
and a silicon substrate 26 at lamination and 1100 degrees C for 1 hour to 2 hours, as shown in 
drawing 9 (c) through the oxide film 25 for SDB. Under the present circumstances, you may 
impress and heat-treat voltage. Next, thickness adjustment is performed so that the rear face 
(the 2nd main front face) of n type silicon substrate 23 may be ground and the thickness of n 
type silicon substrate 23 may be set to 1 micrometer. In addition, if lamination of a silicon 
substrate is performed above 1 100 degrees C, since an effect equivalent to heat treatment of 
the above-mentioned (b) can be acquired substantially, it is also possible to omit heat treatment 
of the above-mentioned (b) and to serve with heat treatment at the time of lamination. 
Moreover, it is also possible to perform heat treatment at the time of the method of making heat 
treatment at the time of lamination 1200 degrees C or lamination in two stages (1100 degrees C 
and 1200 degrees C). 

[0052] (d) Next carry out the vertical inversion of the state of drawing 9 (c), and make the rear 
face (the 2nd main front face) of n type silicon substrate 23 into a top like drawing 9 (d). The 
300nm thermal oxidation film 17 is formed in the 2nd main front face of n type silicon substrate 
23 formed by this SDB method, by the photolithography method, by using a photoresist as a 
mask, etching removal of some thermal oxidation films 17 is carried out at a predetermined 
pattern, and the photoresist further used as a mask for etching of the thermal oxidation film 1 7 
is removed, in this way, the obtained thermal oxidation film 17 — a mask — carrying out — CCI4 
and SF6 etc. — it **********s a depth of 1 micrometer until the oxide film 25 for SDB exposes 
a part of n type silicon substrate 23 using RIE to depend, as shown in drawing 9 (d), and the U 
slot 6 is formed 

[0053] (e) Next, as shown in drawing 9 (e), they are TEOS and TMCTS (1.1-1.5 micrometers of 
Si02 films 7 are deposited by the reduced pressure CVD (the LPCVD method) using the organic 
silicon sources, such as 1,3, 5, and 7H:etramethylcyclotetrasiloxane;c (OSiHCH3)4 or TES 
(Triethylsilane;SiH3 (C2 H5)). etc.). You may use an efficient consumer response plasma CVD 
method and ICP-CVD instead of the LPCVD method, as the material which embeds this U slot 6 

— the organic silicon source — an oxidizer, for example, N2 O, 02,. and 03 etc. — what was 
added may be used the organic silicon source and SiH4 etc. — the silicon hydride and SiCI4 etc. 

— it does not matter even if it can also embed the U slot 6 by the silicon oxide 7 and adds an 
oxide to each raw material also by the CVD which mixed two or more kinds of raw materials of 
either independence or these, and used the silicon chloride as the raw material [ moreover, ] 
[0054] (**) Then, it is CVDSi02 by the CDE method etc. By carrying out etchback of the film 7, 
the front face of n type silicon substrates 23 other than the portion embedded in the U slot 6 is 
exposed outside, and as shown in drawing 9 (f), flattening is carried out 

[0055] (**) — it was formed of the CVD using the organic silicon source of the state which 
shows in drawing 9 (f) — embedding — an oxide film 71 — Si02 Since it contains, many the 
impurities, for example, the water, of an except, it heat-treats in 1 100-1350 degrees C. this heat 
treatment — N2 [ for example, ] although it is good in inside in about 2 hours — the controlled 
atmosphere in this case. — 02, HCI, reducing gas, inert gas, or CO and C02 **** — the same 
result is obtained If a well-known MOS process and a bipolar process are used for the element 
formation field which consists of an n type silicon substrate 23 surrounded by the pad oxide film 
71 after this heat treatment and a CMOS circuit and a bipolar circuit are constituted, 
respectively, a BiCMOS integrated circuit as shown in drawing 9 (g) will be completed. In 
addition, even if it omits 1100 degrees C - 1200 degrees C heat treatment in the process of the 
above-mentioned (b) and substitutes 1100 degrees C - 1350 degrees C heat treatment in the 



process of the above-mentioned (g), the purpose of this invention can be attained mostly. In this 
case, there is an advantage of simplification of a process. 

[0056] As explained above, when using the organic silicon source, for example, the insulating 
material by the CVD which used TEOS as the raw material, as an isolation insulator layer, by 
heat^reating the gestalt of operation of the 3rd of this invention, stress can be reduced and 
generating and proliferation of transposition under heat treatment under isolation field formation 
or in a subsequent element manufacturing process can be reduced. Therefore, it is the value of 
the leakage current of the pn junction which was formed all over the element formation field 
according to the gestalt of operation of the 3rd of this invention 1.7x10-8 A/cm2 It can be made 
to fall to below and highly efficient-ization of a BiCMOS integrated circuit can be realized. 
[0057] In addition, U flute width II of U channel-depth d in the gestalt of the above 1st - the 3rd 
implementation Receiving aspect ratio d/11 It is an example and does not need to be restricted 
to the aspect ratio of the above-mentioned explanation. As shown in drawing 10 , it is aspect 
ratio d/11. If the oxide film embedded in ten or less U slot is heat-treated in the heat treatment 
conditions (1100 degrees C - 1350 degrees C) of this invention, since defect density will fall, it is 
aspect ratio d/11. As long as it is ten or less value, you may choose suitably. In addition, as 
shown in drawing 10 , when the heat treatment conditions of this inventions, such as 1000 
degrees C and 1050 etc. degrees C, are out of range, it is aspect ratio d/11. It turns out that 
defect density does not decrease ten or less. 

[0058] It sets to line [ of the fixed direction ] - and the repeat pattern of - space, and drawing 
13 is the width of face 11 of a separation slot Width efface 12 of an element formation field A 
ratio II / 12 It is the result of investigating the defect density (transposition pit density) in the 
element formation field at the time of changing. That is, the U slot 6 of an isolation field is set to 
line - and - space pattern which were put in order like drawing 1 1 , and it is the width of face II 
of an isolation field. Width of face 12 of an element formation field Change a ratio between 0.003- 
10, embed, and produce an isolation substrate, and carry out selective etching of the 
transposition pit in the element formation field, and it is made to actualize, and measures. 
Drawing 1 1 (a) is the direction cross section of X-X of drawing 1 1 (b). In this case, the result 
which embedded the oxide film all over U slot by the CVD which used the organic silicon source 
as the raw material, and 1000, 1050, 1100, and 1200 or 1350 degrees C compared by performing 
heat treatment of 2 hours is drawing 13 . As shown in drawing 13 , it is II / 12. The defect is 
increasing or more by 1.5. therefore, this invention — width efface II of an isolation field Width 
efface 12 of an element formation field It is 1.5 or less times and is effective, and as long as it is 
this range, values II / other than 12 in the gestalt of the above 1st - the 3rd implementation may 
be chosen arbitrarily, and may be used. The conditions of 11/12 <=1.5 are defined by line [ of a 
fixed direction ] -, and - space pattern, for example, the case where there are line [ of the 
direction of X-X ] -, line [of - space pattern and the direction of Y-Y ] -, and the direction of - 
space as shown in drawing 12 — one of direction **** — at least one side of the value of II 
x/l2x defined or II y/l2y should just be 1.5 or less A pattern like drawing 12 is a pattern typical 
at MOS-DRAM etc. 

[0059] (Gestalt of the 4th operation) Drawing 14 (e) is the cross section of the isolation 
semiconductor substrate concerning the gestalt of operation of the 4th of this invention, and 
drawing 1 4 (a) - (d) is the typical cross section showing the manufacture method until it results 
in drawing 14 (e). Although the case where it applies to a CMOS integrated circuit in the gestalt 
of operation of the 4th of this invention is explained, of course, it is applicable to other MOS ICs, 
such as nMOS (integrated circuit), a bipolar integrated circuit, a BiCMOS integrated circuit, a 
integrated circuit, etc. the manufacture method of the semiconductor substrate for CMOS 
integrated circuits concerning the gestalt of operation of the 4th of this invention — (**) — as 
first shown in drawing 14 (a), the n type field (100) silicon substrate 23 which has the 1st main 
front face (front face) and the 2nd main front face (rear face) is prepared, and a V groove with a 
depth of 1.2-1.5 micrometers is formed in'the predetermined place on the 1st front face of main 
A predetermined place is mind called the place which finally serves as an isolation field. 
Formation of this V groove forms a 150-300nni thermal oxidation film in the well-known method 
(the 1st main front face), for example, the front face of n type silicon substrate 23, by the 



photolithography method, carries out etching removal of the predetermined portion of a thermal 
oxidation film, and should just carry out anisotropic etching of the n type silicon substrate 23 by 
using this thermal oxidation film as a mask using KOH or an ethylenediamine pyrocatechol (EDP). 
In addition, a V groove may be an example and U slot is sufficient as it like the gestalt of the 1st 
- the 3rd operation of this invention, the case of U slot — CCI4, SiCI4, PCI3, and SF6 etc. — 
what is necessary is just to form so that it may become a depth of 1.2-1.5 micrometers by RIE 
and efficient consumer response ion etching which were used The case of U slot and one of V 
grooves is also the width of face II of a separation slot Width of face 12 of an element formation 
field A ratio II / 12 It is desirable to make it become 1.5 or less. Next, an oxide film is formed 
about 1.7-2 micrometers in thickness by the LPCVD method using the organic silicon sources, 
such as TEOS, DADBS, OMCTS, and TMS, HMD. The thickness of the flat part in which a slot is 
not formed is said in 1.7-2 micrometers in thickness. In addition, you may apply application glass 
(SOG) with a spinner etc. instead of organic silicon CVD. 

[0060] (b) [t is n type silicon substrate 23 which next carried out Si02 CVD of drawing 14 (a) 
1200 degrees C and N2 In atmosphere, it holds for 2 hours and heatHireats. Then, flattening of 
the oxide film is carried out to the thickness of 0.3 micrometers using the CMP method while 
carrying out intake fixation of the rear face (the 2nd main front face) etc., and the oxide film 25 
for SDB is formed as shown in drawing 14 (a). The controlled atmosphere in this case is 02, HCI, 
reducing gas, inert gas, or CO and 002. But the same result is obtained, 

[0061] (c) Next, form a SDB substrate by preparing independently the silicon substrate 26 which 
ground the front face to the mirror plane, and heat-treating mutually n type silicon substrate 23 
and a silicon substrate 26 at lamination and 1100 degrees C - 1150 degrees C for 60 minutes to 
2 hours, as shown in drawing 14 (c) through the oxide film 25 for SDB. Under the present 
circumstances, you may impress and heat-treat a pulse voltage in the state where it 
decompressed (vacuum). For example, what is necessary is to decompress and just to impress 
the pulse voltage of **350V about 10 minutes in 800 degrees C to 0.1 Pa. 

[0062] (d) If the rear face (the 2nd main front face) of n type silicon substrate 23 is ground next 
and it is made for the thickness of n type silicon substrate 23 to be set to 1 micrometer, a part 
of oxide film 25 for SDB will be exposed to the rear face of n type silicon substrate 23. Although 
drawing 14 (d) shows the cross section of the substrate of this state, drawing 14 (c) and a 
vertical relation are reversed and n type silicon substrate 23 is located in the bottom. Therefore, 
the element formation field 23 which had the circumference surrounded by the 2nd main front 
face of n type silicon substrate by the embedding oxide film 25 will be completed according to 
this process. 

[0063] (e) Form the p well 31 in the interior of the element formation field 23 using a well-known 
MOS process as shown in drawing 14 (e) below. Furthermore, it is n+ to the interior of the p well 
31. It is p+ to the portion in which p well of the source / drain fields 32 and ,33, and the element 
formation field 23 is not formed. The source / drain fields 34 and 35 are formed. If a gate oxide 
film, the poly silicon-gate electrodes 98 and 98, and metal wiring are furthermore formed in the 
front face, the CMOS integrated circuit concerning the gestalt of operation of the 4th of this 
invention will be completed. 

[0064] With the gestalt of operation of the 4th of this invention, it embeds with a SDB oxide film 
by 1 time of organic silicon system CVD (or application of SOG), and an oxide film can form 
simultaneously, rather than the gestalt of the 3rd operation shown in drawing 9 (a) - (g), the 
number of processes decreases and the part productivity becomes high. Moreover, as compared 
with the gestalt of the 3rd operation, since a heat treatment process also decreases, a 
semiconductor device can be manufactured by the fewer heat history, and reduction of a crystal 
defect and realization of the fine structure become easy. 

[0065] Moreover, organic silicon system CVD is excellent in level difference covering nature, and 
since a thick oxide film can be formed in low temperature and a short time rather than it 
moreover forms a SDB oxide film by thermal oxidation, an oxidization induction defect (OSF) like 
[ in thermal oxidation ] is not generated, either. Therefore, there are also few crystal defects in 
the inside of an element formation field, and the leakage current in a CMOS circuit reduces them 
as a result Moreover, since it excels in level difference covering nature, a SOI substrate can be 



created using a substrate with the various shape not only of when shown in drawing 14 (a) but 
toothing, without being influenced by the flatness. 

[0066] Although it mentioned above that U slot could be used with the gestalt of operation of 
the 4th of this invention, as for the aspect ratio in that case, of course, carrying out to ten or 
less is desirable. Moreover, the case of a V groove is also the depth dv and opening width of 
face Ivl by the side of the front face of a V groove. Ratios dv/lv1 Ten or less are desirable. 
[0067] As explained above, when using the insulating material by CVD which used the organic 
silicon sources, such as TEOS, as the raw material as an isolation insulator layer in a CMOS 
integrated circuit, by heat-treating the gestalt of operation of the 4th of this invention, stress 
can be reduced and generating and proliferation of transposition under heat treatment under 
isolation field formation or in a subsequent element manufacturing process can be reduced. 
Therefore, according to the gestalt of operation of the 4th of this invention, it is the value of the 
leakage current of the formed pn junction in the inside of an element formation field 1,7x10-8 
A/cm2 It can be made to fall to below and highly efficient-ization of CMOS-LSI can be realized. 
[0068] In addition, it is Si02 although the case where a silicon oxide (Si02 filni) was made to 
deposit by ordinary-pressure CVD or the LPCVD method in the gestalt of the 1 st - the 4th 
operation of the above-mentioned this invelntion was explained. CVD can also perform liquid 
phase CVD. In this case, 02 What is necessary is to carry out the microwave discharge of the 
gas. to make it react with TMS, to make substrate temperature into -40 degrees C below the 
boiling point of a deposition particle, and just to make a silicon oxide deposit.. After the liquid 
phase CVD, if it heat-treats like the gestalt of the 1 st - the 4th operation of this invention, the 
same effect as the gestalt of the above-mentioned implementation will be acquired. It is Si02 all 
over U slot by the anodic oxidation which furthermore used ethylene glycol and N-methyl 
acetamide as the solvent as the electrolytic solution, added the potassium nitrate a little, used 
the silicon substrate as the anode plate and used platinum as the counterelectrode. You may 
form a film. The same effect will be acquired if heat treatment at 1 100 degrees C - the same 
1350 degrees C as the gestalt of each above-mentioned implementation is performed also in this 
case. Moreover, Si02 by the plasma CVD method It is also possible to embed U slot by the film. 
[0069] 

[Effect of the Invention] As explained in full detail above, when using the organic silicon source, 
for example, the insulating material by the CVD which used TEOS as the raw material, as an 
isolation insulator layer in the MOS IC. the bipolar integrated circuit. BiCMOS integrated circuit, 
or SIT integrated circuit on a silicon semiconductor substrate, by heatHireating this invention, 
stress can be reduced and generating and proliferation of transposition under heat treatment 
under isolation field formation or in a subsequent element manufacturing process can be 
reduced. Therefore, it is the value of the leakage current of the pn junction which was formed all 
over the element formation field according to this invention 1.7x10-8 A/cm2 It can be made to 
fall to below and highly efficient-ization of integrated circuits, such as MOSLSI and a bipolar 
large-scale integrated circuit, can be realized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the manufacturing process of the embedded isolation 
semiconductor substrate for MOS ICs concerning the gestalt of operation of the 1st of this 
invention. 

[Drawing 2] It is drawing showing the relation between the heat treatment temperature of an 
embedding oxide film, and the crystal-defect density generated to an element formation field. 
[Drawing 3] It is drawing showing the relation between the heat treatment temperature of an , 
embedding oxide film, and the leakage current of the pn junction formed in the element formation 
field. 

[Drawing 4] When heat-lreating (annealing 1, annealing 2), it is the Raman scattered-spectrum 
view by the oxide film of a case. 

[Drawing 5] It is drawing, showing the heat treatment temperature dependence of an oxide film of 

the integrated-intensity ratio of each peak of Raman scattering. 

[Drawing 6] It is drawing showing change of the etch rate by heat treatment. 

[Drawing 7] It is drawing showing the manufacturing process of the embedded isolation 

semiconductor substrate for bipolar integrated circuits concerning the gestalt of operation of the 

2nd of this invention. 

[Drawing 8] It is drawing showing the relation between the heat treatment temperature of an 
embedding oxide film, and the leakage current of the pn junction formed in the element formation 
field. 

[Drawing 9] It is drawing showing the manufacturing process of the embedded isolation 
semiconductor substrate for BiCMOS integrated circuits concerning the gestalt of operation of 
the 3rd of this invention. 

[Drawing 10] It is drawing showing the relation between the aspect ratio of a slot, and defect 
density. 

[Drawing 11] It is drawing showing the relation between the width of face of a slot, and the width 
of face of an element cambium. 

[Drawing 12] It is the plan showing the case where line - and - space pattern exist in the two 
directions. 

[Drawing 13] II / 12 shown in drawing 11 (or drawing 1 2 ) It is drawing showing a relation with 
defect density. 

[Drawing 14] It is drawing showing the manufacturing process of the embedded isolation 
semiconductor substrate for CMOS integrated circuits concerning the gestalt of operation of the 
4th of this invention. 

[Drawing 15] It is drawing showing the structure of the isolation semiconductor substrate by the 
LOCOS method typical as conventional technology. 
[Drawing 16] The conventional embedded element 
[Description of Notations] 

5 13 P-type-silicon substrate 

6 U Slot 

7, 71, 77 Embedding oxide film 



8 Gate Oxide Film 
12 Transposition 

14 17 Oxide film 

15 N+ Embedding Field 

16 N Epitaxial Growth Phase 

20 N+ Collector-Electrode Ejection Field 

21 P Base Region 

22 N+ Emitter Region 

23 81 Silicon substrate 

24 25 Oxide film for SDB 

26 N Type Silicon Substrate 
78 79 Layer insulation film 

82 Oxide Film 

83 Element Formation Field 
88 Nitride 

91 N+ Source Field 

92 N+ Drain Field 

93 Source Electrode 

94 Drain Electrode 

98 99 The poly silicon-gate electrode 
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^c#3l1*gaT«ioT, SiO, ©JS:;^(r|EHL75:^^ 

[0 0 0 9] 2|s:^a^Oft40i65ttS i O, Of&^tigH 

i^mstE^rftifiib. mmiizmmmmm<tt)^-s!mf3:^m^m 
[0 0 10] ^n^<D-^f>izm(DWimt. mmitmo^x 
Mtm^{&&xm^^nmmzmtd&ts:ittn't:s, 

[0011] 

li^M^msir^rztbo^WL] ±sim^mszr^rz 



( 5 

7 

:i<D9^m<Dmi<D^mi. mi (.e) , m7 

(f) . 09 (g) *J:lXigi4 (e) \zm7Ft^J:o 
VDffi, l/it)t$>5S0G (Spin-on-glas 

s) mtmm^i^miiy7.<Dm.^&x\mmmim<D 
\>i-rtiib^<Di3m\z^f)m^-^n. •^©^iioo~i3 

■^\z^<Dmm\z^^^Tm^*'^mm^n^tf^^vMT'$>-D 

V^53&i> Ell (a) (C^Sn^«^©«8S6«« HI 
(e) (Df^ffl5(r/T^$nSi57S:n^ V-7.®«c9 1. 

til??x-r-i^-e*-5. ab5^i«. n 1 2 fc^T J: -5 tc^ 
n, %±izmAjX^^t£<xhJ:\'\ i/i-rntr-a-ct, 

S5J {cfflST'SO-eabs. Ti.fe, 135 o'cei±©fig 
±{c fSiisa r # v> ;i i « (c « i BjT* 5 . 

[0012]»SK«, ^1 (D<^m\ZiSl^^X. 

n^©ssE6©pflng5©^ 1, <D^mt<DitxMm-^n 

^77.^^ hjtd/ I, iin OSkTX'$>i>Z:tX$,^, 
mi 0 t^Ti-5t::*%BJ©^l©#iiJ±7X^^7 hit 

1 0 &,T\zio\^^xm^j^^mmzmm-^n^^f&^^-A^ 
mt&m Lts.\,^z.t imikm \zbm <b i^iztj:^ rzt^ ix$, 

^fc»SU<«, «S©tSl, 4«/h7.'<-;^<®<i: 
^i^J^sem^©ip§ 1 , ^S/h^'T^^gtUfcHJfS© 
;^|6]©7-f> • 7>F •7,^-X©^"9®UA^->tC 

*5iiTc:<©m;t©:^i^T-^^^Fn?> 1. ti, i:©jti 

, /l!*n. 5i&lTT$.5iI<!:T$>S. 01 StC^t- 
cfc^);: I , / 1 : 5gi,±7?tt 1 1 0 0"C~ 1 3 5 

^B^Kmm^-rz. TiH. c©i, / I, ^i-S©;^I^i] 
tCOI/iT^8$n-5=b©TS0. ^IW^O • 7>h* ■ 50 
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x^-x ■ n^-y(D^K)3&L(Di5^\znhxm.^-t^ 

tfi.t>%mil (b) O-SJ^ffiX-XfCB 
g/h7.'^-;^i|S e. ntV^.): 5 75:SB^i-©/t^->^j56© 

> • 7> H • T^'^-;?; • /-^^-yt^zis^iiz^^t^^ 

-^Sr^^Lfe'. ®1 2{C*t5TteX-X;&lR]{r*3^iTJt 1 
„ /U *^'^S^n. Y-Y:^[6]ti5^iTi±l„ /!„ 
*^*^8$ns. :L(DiitU^'^\z^\,^x\t'pt^< t%. 
^^Tnt^-:^<D:^mzid i^xitt^ i . 5 ji^TT*n«=t 

1 /U ^1. 5 (1) 

1 „ / Ih >1. 5 (2) . 

xsbtm (.i)^^t:W.mrtni^\^K mo^^it (2) 
^Sr^fflfn^ckii. ^>■55^M:*[6]lc^3^^Tit i,x / 

i^i, rfiif^©:*iS]T3t^$n5 1, ti, i©' 

hbj ttt. Kk±(D^oiz. ^^ttiA^—zxD-^i^x^m^ 
n, ■^©^ig$n75::^i*](::45Vt5Jt 1, /i, *?i. 5 
£iTT$in«, .ft&©;?i^]t::ouTfirate7ii/itVi5jgi* 

[0 0 13] *^B^©^2©#m«. ®l©!^iiti^« 
;Slil (e) . 07 (f) , 09 (g) :teJ:i;014 
(e) lC^J^-r5J;375:?g^^©^^5!)-gf4^^fls:StgTS) 

•oT. ;i©siiKft]^2 5. 7 nt5M.m£i.±<Dm.mm 

^J:ZS4M.n&,T(Dmmm^ttl^tm^<DWi-^X'^ti 

[0 0 14] rr-C'Hlf^©S'J^<i:«7T>«!a^3-^7.^ 
i7 h;i/©a!l^*ie)5lt*5n-504 (a) :teJ:i;:4 (b) 
fC5^-rJ:57it3*S. 4AS« *3j;U:5M^li^±©#* 

s«iiir?^j«c-r^-5-n-?'n©7-=<'>->7 h©a^3-?$s© 

i'J'^iVi-SSftTS^. ■r;^tt>^Bi4 (a) i5iu:4B 
(b) C^Kl-J:ei(cS^3 0 0~7 0 0 cm-' ©T.'-^i' 

h;ums:^^^i:Lfc^^©#7x'>->:7 hmm^^ 

[0 0 1 5] -pSOSSIC^TiplC, (i) 5Mm± 

8 5%eJl±, (ii) 4MSSfc«3am(C^;£cTS7V> 
->7 h©ll»3SSJt*'ll»W(C^«i:© 1 5 %£AT. 
^ 2:?©^#<D'>nc<«-:^5-j^fcri^flM->iJ n>^ 

(s i O: m) x$>^z.t\z^r), m&mitm2 

5. 7 i+©J«::^*cl;y;ajiBt'fbM2 5, 7 1 

stg5. 16. 2 3, t.<D^m<Djt^m^mia^n. 

x r^K6<)(c8 5%g(±j tttHStrx^-A'-T^-r 

fz mmmz 1 5 %j^atj t\m 2 0 %Ji^Tgs^T'755 
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i^ccij, ^^m(D5Amiik±^mnm\z8 5%u±, 4M. lo 

Ft::J;^x-y5'>i^U-h>iii 3 Onn/mi nt; 

[0 0 16] :^%m(Dm3<D!^m\t, mi (a) ~ 
(e) X«^7 (d) ~ (f) \Zi^mT^^oi3:. 'A(D 

ill (a) XttlI7.(d) t^-rj;5(Cij£^#:S;K5. 20 

1 6 (D^m(D—3\zm^<Dm^ e s:?gjEjf •sm i is, 

(n) El (b) , (c) X\m7 (e) (c^Tctpfc 

si 1 0 ot:~i 3 5 o-CT^^asr-smaig. i& 
^j^^=c<ife-&trct^4fsi;<!:-r?.. m^omm tit 
-M(DmmT-M.rz^^(o^^-c^^ z. t\t±mLtcmv 

T'S^. =t*S->U3>?^CVDffittSTE0S (Te t 
raethylorthosilicate;Si (O 
C, Hs ),), TMOS (Te t r ame t hoxy 30 
si 1 an e : S i (OCH, ) , ) , TP OS (Te 
trapropoxysilane;Si (OC 
J H, ) 4 ) , ^-amSDADBS (D i a c e t ox 
yd i t e r t i arybutoxys i 1 ane ; 
(C^ H, O) , Si- (OCOCH, ) ) mcD^m 
->U3>v-X€:ll!^i:bfcCVD^VO. 

tlt^T'^^ZtX'$>^. «ffCVDj£«0, 40 
1f-t«ALTi5:m^-e-T^fig;$itfc:t'/> (0, ) ^ 

CVDm (LPCVD) Hfc<t^tfTEOS-0, CDS 
i6<&6. 7 kP a^O^ffftTfr^CVDSSrl/iPo r 
5X^CVDtttl3. 5 6MH, 1 5 0 KH 

. ^S.(OyyX-7nm.^m\f^TTEOS, O, , He^ 

F (1 9 3nm) , KrF (2 4 9 nm) , XeC 1 . 
(3 0 8 nm) . XeF (3 5 0 nm) ^tJ;5x^-> 



50 



' #gi¥9 - 2 0 5 1 4 0 

10 

®.^±<!: LT^^7fe©7tX^;i.^-<Effi t,.f-^S;5,;: j- 
OfT7S^tfj:li„ MCVDffittt. ;ti^«RF&a 
('ctDSe^n^cO: iTMS (Tetramethy 
1 s i 1 an e ; S i (C.H, ) , ) ^fflU75:-4 Ot; 

. CO 0 1 8] $f$b<(i, ^ri|->U3>»CVDffiti 
^m<tm\tH2 ^(DMymiiX, He, Ne, Ar, K 
r. Xem<Dyfm&t'X, . Nj , HCl, COX 

[0 0 19] sfc, ^2j:miz^if^ms-m{tm(Dm0z 
tt, M:i^^\z\tmi (b) iz^-ri:oizmm^K)^m< 
mimi^mmu ^o'^mi u) \z^-r^v\zi¥^m 

©SM*5SKe5tc^tBT-5j its, ^±\z^^m{^m^5 

fciAte*. •^®mcDI§{Ci5l,iTi£^M*«afenff. 5 On 
m~10 0nni, SSL^ttS 0 0 nmSgCffij^jT^n 

m^mt^^m^m^ 5 oggstss i 5 tcx y^/^ yi; 

a!(i:«ie(Cf5IEIl2lStLT(t, ^a>'Un>j|cv 
msXgC^^S^. m4XgtLTS®03Fffl^fc 
[0 0 2 0] *%Bg®m3 0#a{C*3tt-Sag7S:,?^fS^' 
J^CVDffiO^. 1 0 0 0"C~1 3 5 0"C.©relT, 5 0 

M/>5^i: hl'>5^©FB'5Oi|ig0. 3 iim©^^Jg 
fiE^^ (SDGSi]^) (CMOS h^>f/;?.^^o^^S: 
bMO S ft«[5IgS U fc»CO^^^i-|iiji^#:S 
fiS:, SSSEMm^bfc^m-eabS. |g2(C^-rj;5 
t. 110 0 -Ci^^ToigrafflM^S^gS-CteSe^s^^ 
bTt,i^;i<i:AJt)A>5. emUHl 6 t:;fcl,i^^T-^L 
fct«*©S T I 1 2 t|Wi«c7)igfi:-t:a5 

[0 0 2 1 ] ^2cD7=-^ttis^x-i'5^>i^ffi-ee'fi:f 

h5r®fi{b^-&TSEM«^&ff;5:U, ImmXlm 

nf,Offl^Tl^Ufci^^T*'5„ lOOO-C-llOO 
^^T©f^j!!lgfigT'{Sgll 6 <D^\,^%U 
tra^tcoe&l 2!i;^-*?jl OS/Aim- ^^bTl,iS;!)J, 

^ofcSDG^^tMOS H7>i;xi7^JgfiEL, ;iO 
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MOS N7>>';^r5'1=®pn^-&«jit»j^^T-5n* - 

p h*©«^ u -^^^^m^vfc^^^m 3 IC 
. 1 1 0 o'csi±(D^Mm^Lrc&mT!rtv-^m 

0 0 ■C£;Tl'i5lt5^fflScfc <0 ( 1 10 

1 0 0'C~ 1 3 5 CC) {Ci3lj-SfiMSO«'&®;&*^ 
SiO, ©JS;:^;i«^i?o$^i. ^^U-i'm^S-iiiffijl^LT 

[0 0 2 2] *%sjoB4c^#gifj:. H) mifectlX 
m2©iaM?r5rT?>micD#^«:«ffi&fflicL, mi 
Oi^^:^fls:S^2 3©mi®±SS(CS9 (a) fC^fi . 
•5 IcBSS^^^^kM 2 4 S:^rt8-> U a C VDffifC 
cfcOJPfi^L, SffiSSl 1 0 CG- 1 3 5 0'C{C:fel'»T 
mi ©fiillil^fTntovt^, ^0«M<&E9 (b) 

SKssi 1 0 o"c~i 3 5 oviz^n^mio^Mm 

^fT-5miXg. . (n) gI9 Cb) fC:5^$n-5J;5(ca 
M/&5¥ffl{k$n;tttg5g-&ffl^Yt^2 5*:^UT, mi 
CD###:S«2 3 micD#^<$S«2 3 taS;^^ 
m2©i|^^#:SS2 6 t^itSM-^L, Vit)l$-5SOI 

(Sil icon-On-Insulator) 
J^jsEL, ^o^09 (c) (c^-ri-5lcc:©micD4i« 

^®ji^ciisTsm2ig, (/N) mi®^i^ii#:ss . 
2 3 ©m 2 oi^mi^m^ 2 6 c^ffi] Ltt\,m\z^m-r^ 30 

m2®^Sffi®— gl5(cll9 (d) fc^Ti^ic^Scros 
HS6$:?^f£-r-5m3X@ (E19 (d) tt^9 (c) itS 
SS^iSGUTVi?)) , (-) :i©1ggc®^g56CD^n 
^n's^^->Un>|^CVDfe{Cc):i3 09 (e) ic^T 
<i;p(caij,^fkm7^?gfS1-i.m4ig. (tJs) 
mSfit;]^7}c*fL.TSffiSgi 1 0 0'C~1 3 5 ot; 
ti3ViTm2©Si^g^ff;ieim5lS, i:&i!>fj:<t 

fc-^ti-d tTS^. ;ic:Tmico^^#:S1g2 3 tm2 

< S i tS i cm<DBM(D^m^ms.3)-'^ti^-r:^^ 40 
l'^. -PSDS iVJ.9\-(D\m, Ill-Vi^. II-VI1S#«^{: 
C/#^SMWK$-m 1 :fe iC/m 2 c75ii^®#:Sfit UT 
iiM^CtfcTt--5. ts.^. miXg(Ci5tt5.mi©fi^ 
m2Ig©ilSS^^}cmi®Sfti![lgi:|W| 
-^ft=0 1 1 0 0'C~ 1 3 5 O'CoSftMSSfroTfeJ: 
l/i. S-5l/ittmi©fi5!lS5:#BSb, m5I§(C*^t-5 
m2 ©Si^StC ctoTH 1 OSii!lS^f^ffl LT=b i li„ 

[0 0 2 3] *^Bj©m4©if$si©ffifiS;tcinti. m 
mtm 7 1 43 ctLfiigs^^^fiiK 2 5 (D^-tstmm^ 
ti. m=f-mi!Lm.mzii\,'i^^^m'(D^^!Ki^B(D^i.tm. 50 
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[0 0 2 4] *^Hj®g5©ij$f^^i, (-f) miisiDJ 

m2©±a®s:*-r5mi©¥©#:Sffi^fflicL, mi 

4 (a) t*-r.i:^Hmi®¥®#:Sffi2 3©mi©^ 

«ffi®-a5(cig^®ggp^j^fi£-r^mix8, (n)'igi 
14 (a) \z^r^oizw.i(o^^wm^<Dmi(o±^ 

J;O^^L, affiS:^i 1 0 ot:~i 3 5 0'C(ci5tJT 
w-Mm^'frfs-otzmmiA (b) \z^t^'D\zmi(D^ 
«*StK2 3 om 1 ®±Sffio±a©K-ft;E2 5 ^w-m. 
'ft;Tsm2Xg, xttgli 4 (b) (c^fi^tmi® 

#®#:Stg 2 3 ©m 1 ®£Sffi®±a5©Kfb]K 2S^W- 
S-fb^Sffifi^l 1 0 0'C~1 3 5 0'Cll:j3lj--5fii!!lS 
?rfT?5:pm2Xg, :feckZ>' (A). ®«g^ffiSE{fcK2 5 
014 (c) \Z7p.-t^0\zW,l<D'=^mWmS. 
2 St, mi®¥^*Stg<J:«S/^C-5m2®ii£^ffa;K 
2 6 tS:itag-&L. '^0'^mi(D^m^m^2 3®P 
i=»-^ilSg-&ffiK{t:^2 5 ©-H15*igtti-r5^T»< 
L, 1114 (d) \Z^ti:z}\Z. mi®*^#:SS2 3 
®m2®5ESMlC, it»S-&ffiK^bK2 SCH^tlfc^ 

^?ifieffl^$:?gj5ersm3xg. t^'pti< t-h-^tsz. 
t-Qh^. z.^-vmi<o^mw-m>&2ztw.2<D^mw 

a«2 6 <i:«l^a®#®#:»STS•5i^^M«;6:< S i t 
S i C^®Sa®¥^^ff®ffii5»--&t)ii-CfeJ;Vi„ 

s i^^i-oivii, iii-va ii-vi m^m^^^im^B 
Mwa^m 1 *5±j;^m 2 ®#®frSffit LTS^<:: t*? 

[0 0 2 5 ] *%B^®m5®!|#S4(Cj;ntf lI5I®W«-> 
U n>?^C VDSfCiO, l^^lcmKft:m2 5 iltg 
^^^^{1:^2 5A^J^fiET#-5®T, m4®#l!;fCitL 

xn-^mm'Mt^. rfit)%w. i ffl¥^#:«fi2 3 ® 
Sffi(isittiufciaaa^fflie{fc)i2 5 7&«mi!<bMi:L 

Tfe«tg-rsci:t/j:5. ^fcf^S!LSXSfcm4®!t#ii 
t»bi>;5:l/i®Tyo-fe7,®{gS{ttcfl:^-r-5 c: ilCTS 

[0 0 2 6 ] 2|s:%H^om5 ®!t#Si®<gfS;(-J;n«. m 

n, ^^?^^Si^ci5tj--5efi:^®ISS^i^Pfl®^^AtJii 

[0 0 2 7] 

[^BJ®IISgOJ^^] ii^T. SIffi^#BBL.T*^HJ®|| 

mommtimMi-^o ¥©#:sa®iifficD«s±-ige5j 
^. mz^mo:)m^^(Dnni^mmmm<Ditmmt\iM 

[0 0 2 8] •(mi®llig®Jg^) 01 (e) tj2^%Bj 

<D^i(D^m(Dmm\z%^M.osmmm^^(Dmit)T},^ 
mi-^m^m^mw. izy^-no ■ v\y>^mf-^m (s 

TI) ^m-Wmm ®if®«3gT, gll (a) ~ (d) 
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\mi (e) (CM5ST'©Siig^ffi^^-ri@ffffiEI-r 
&mt. mi (e) tTKTi -5 5 (DSB*^ 

^(Dm^mitm? i tm^mtmi i t©rBi®^^jg££ 

-xms 9 3, K i^-i- >mm 9 4 , *.ti;iFBi,^iiM ? 
[0 0 2 9] 1 (D^m<D]^m(Dm'?'^^^m ii 

[0 0 3 0] jjs^Bjo^ 1 (D^mommzmz^=i-i^m 
^mi$mmtsxT<D^z)tj:xm\zj:^T&m-!^^^. 

[0 0 3 1 ] (-f) £TS::5fi (1 0 0) ©^ESvUn 
>&U(D^m[Zftt^itl 0 0 nm(D->Un>S5.fbKl 

miSL, 7:thUVi^7 7-<ffi,(Cck0 7:j-M^v7,h^ 
•77,^7 i:tTiS'ftiKl.7$:X-;/?^>^-r'5. C:©X>>5^ 

:i- h-l^i^T. hS:^*^. dOv U n 5 O^fflSBS: 
i!^kMl 7S:-7;:^i7i:bTR I EtCTEil (a) C^^f 
ct-ptflSO. 3 Atm. 1 mcDS^J^j^ef-S. vU 
3>Sffi5 0R I E«7S:i;^tfCF4 iH, (Dig-g-;^;^. 30 
5:1. 3PaOBE;^iT, 13. 5 6 MHz (DltH^S^ntl 
to. 2 2W/'cm' T3lJPUTfT;i;t«J;l,i. S'SI.i 
«SF, iO: <i:(DS^;^f7.. :st}SCCl, ^TR I E 

[0 0 3 2] S«i£^!fejff^, 01 (b) tc 

^■r=fc'5(c^^->un>y— 7, ^«JA^^TEos (s i 

7 tt^§:^^(cffis:)ixtr;ts!), S®Si$iii.±«ajA«i. 40 

S*j5:t;#3^t LT*^->"j zi >'J—7.\zmtM&i^it 
N, O, O, . O, tjiiztl3aA.tzh(D-C'h^\,\ X. ^ 
^ V 'J □ > V-7 , S i H, -^c i:(D -> 'J 3 >7K^^b-& 
^> SiCl, 7ii:(D>-U:3>i|ft;tl^#a. t)L.<(S 

'^ti^rio^w.mzm^mtm^Th:!)^^t)-/3:\,\ 

CO 0 3 3] (A) gglixai (c) iZ7Rt^v\Z, tz 
tPiiiCDEm\Z^-DXXy^Ay^t^:it\Zj:Vm 50 
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izmtb&^nrc&.^^0^^<Di^ u n >ss 5 ^^a^tc® 

[0 0 3 4] (-) ^m~>uayy-xiz^om^^n 
Tzm-^mmi i«s i o, jj^^w^m^^, ^j^stk 

5:#<-t#-rs:fcift. 01 (d) {cs^TiStii 0 0 
~i 3 5 0"CCi5ViT^^!ia&fT;it^„ 01 (d) {c^ 
■rJ:5lcMS(CJ;»3^^©j^a (mm d^feL:^. 2^ 
5!iStt;tt;^tt'N, 4'T2^fB^S^©^5!igi-CiVi*^^ 

[0 0 3 5] ftt^(c, 01 (e) tC^Tcfc^lCh 

fii^ (it@o. 3 Aim) izMos h^y-y 7.1$' t:mszir 

5. MOS h7>v7^^cr)ilgfie«. 7j?U ->'J a f 
[0 0 3 6] 01 (e) (C^Ufc=k5t^^Jgfigffi:^(c 

u&:mm\tm2iz^-rj:z>tzim/^um' utt^$,^. 

SEMS^^fT;if t/\ Immx lmm^©ffl^(^<75 

[0 0 3 7] 0 3}S±fBMOS h ^>>'X^'0!5;^ii(c*f 
JS^ U T E G /I - p n :J^< ;t — H CD ij - /7 ^ 
SitS^^T. T^i^P^. n* y-7.®J^9 1 i: p ii>x;i^ 5 

ij-/7«|«*n 5pA|i^TfC<£MLTl^-5. TEG 
/'?5'->CD:/.-f :t- K®ISftt3 5 0 iimX 2 4 0 wmT 
^5©^, dOdittl. 7X10-'A/cin' OT© 

*^l^©^10*Jg®Jg^(Cj;C, U-i7^BgcD 
^^HBT-d&Sn' pS^SOGI£*Sffiia^n/i:Ct^ 

[0 0 3 8] 04 (a) , . (b) 43j;aC|2i5H±f2©e 

a^-swfiM^t;^; ')~^m,^(D^mt^nim\z-t^:if 

(SiO, ) ©«Jfii£7V>t!cSL^7feffi(rJ:0il-^fc^ 
-i7*t^E6<)(C7'j:-50T, S i O2 *^S®tJgfi£^nT 

S iO, mAmm$nx\^^tn,^s imw.<D. ^-7>fisL 



( s 

•yy h<Dx^i;,h}l^mm\<zfr:m4 (a) tc^-r 

>\z^oT»m-ri>tm4 (b) Oct^tc, 4 

^m&0^^(D:^mt. C. J.Breinker e 
t al.. J.Non-Cryst. Solids 
8 2 (1 9 8 6) 1 7 7fj:i*(cJ;-3T5tji$nTt.i-5„ 
|g|4 (a) il:fel^iT7:z-;H «1 0 0 or, l^r^^O 

■fi^MT, 7=.-ji2\ti 1 s ov. imr^^cD^Mm-c ii 
■ [0 0 3 9 ] mMmumz:tiz'Sry-^y'>y scDx^i? 

^oa^i-5ta[<i:«S»3 0 0~7 0 0 cm" Icfett-S;^ 
'><i7 hJK^a^i-5iST. S i SISALS OA •>5'i7'7>h' 

iiootiA^es, 4*s<^aii-5isj±««su, ^fe. 

■r;5:t>*.. S i Oj ©S«3il'*^iT. 4Am 
&.T0:>m^^^it-A^mWmz±4^(D 1 5 %£!.T, t) L- < 

T J; fC 4 *iSetT«^ 2 0 %£^T, 5 *SK±tt^ 8 

[0 0 4 0] S 6 «2js:3??go^ 1 ©lliS©J^SilC#-5^ 

^BJcD^SaSSg, TSttJ-fe 1100 1;~ 1350 *CT 
^jfflSL.;tiS^fc;a©NH4 F (:7-;/'fk.7>^-'^,A) ig 
fSC<t-5Xy5^>i'U-h};3:l 3 0 nm/m 1 nfi^TT 

iStJ^bWMT^S. #«->'j3>^CVDSfcJ;D 

SL-ft;Kttlt)6 5 Onm/'mi n ©X^y 5^>if U- hTN 
F(rc};oTX-;/5^>if$n5. Lfc*ioT*^?gro 
ll5^a7x-;K-d; 0 5Mm±*^8 0 % a:;&^,^^fC, ^ 

{t:M©X7 5^>^b-h*JT75^se:t755fc*^-5, K-fkK 40 

ox-y5^>i^u-h<i:7v >t!ta-cfflg Ltzb 

-t. 3, 4MScOSiOj (D^ti'etKD'^mmtmin 

[0 0 4 1 ] *%Bjomi^JSojg«|t*3i.iT« 
±15 (o) ©lSTTE0S^O#.a->UZl>y-7.^ , 
^i'i;^:CVDftTK{bK7^JgfiKbfc*i, 

fS ;i © J: ^1 ■> iJ n G V D Jil^(D;^ffiT t) i 
fct^tt', tit)i$.5SOG (Spin-on-glass :Xf> 
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8 0t:~l 0 0'CcD7'iJ'<-i'1?^^J$:5tO^#, 

5 i O2 K$rJ^fiei-S:*ffi-C^^. SOGiST-S i o, 

1 0 o~i 2 0 ox^x-mmmt^znz^ 

<Dg'Rm.(Dm»^mit*'i^n&diz±i^co s 5 %^±, 3 
a^xu 4 Am<Dm^^miti!}mkmz^'i$:(D 1 5 

I M-r-S. ^Sg:^77>(COliTtti|#i>Bg5 8-5 1 42 2 
•§-i>lg, 3 9 8 5 5 9 7#^$S, 4 0 0 4 0 4 

4^4;^«^{ci5«$nTi'i-5. ;:n^,®^ig^f57.tSriT 

SS^nTisO, fct;ltiAilied Signal-Accuspin 418/7 
20, Allied Signal-Accuglass T-ll/T-14. Dow-Corning 8 
05, Owens-Ill inois650. General Electric SR125/SR124 

^^ffiv^ntfivj. 8 o*c~ 1 0 o'c©:/U'^-^^, 

6 0 0'CSSOigfi7x-;USrff/j:l/\ -?-OD^l 10 0 
t;~l 3 5 0'C©Sia7x-;US:fT5J;^{CLT'bJ: 

[0 0 4 2] {m2(Dmm<Dmm) ^7 (f) «*^bj 

ggifi^#S^gCi;liiS:^-r8fSElT, 13 7 (a) ~7 

(e) ttS7 (f) 0mmzm^^T'(D^mi5m^^.ir 
^/u^^-ymm^^mm'?-i^m^m»mw.(Dmm:^m 

(-f) ^f, .07 (a) {c^-rJ;-5(CpS©->ijD>S 
*S 1 3 ©aSlC^iiaK-fblCJ; 0200~350 nm© 
S i O, Ml 4Sr?^J5K-r?.. 

[0 0 4 3] (n) J>:»CC:©S 1 O, HI 45:7^^ h'J 

yi^77-i'ffi<&fflVJT07 (b) iz^t^z)\zy:thu 

>Sfi 1 3 ©aBS:S!iii$-&, UttlfVXi' 1 4 ^mmt 
■5. ■f-UT:i©SttiT;^i7 1 4S:ffil,iTS b (7>5'^ 

» ^m^m-^^. ^mm^s.zxi o" cm-' ©, n 
* m^m 1 5 §rjgps;-r-5. 

[0 0 44] (A) gffkK^S^. in? (c) (c^-Tck 
•5(C, SiH4 ^SiH: CI, ^©->^>{t;-&!fet K 
-f>i^;tfXiLT©PH, ^©U>{b©tii&Hj 
U7**>^^0?tL;^j:5!)i?,ii5ST53-»USfijh{cKJP2. 5 
wm©n@l 6$:Xt::J'4^->-\';U^fi$-t!--5. 

[0 0 4 5] (X) )k\Zr\m 1 6©±tS{bKl 7^ 

0. z iini%mm^^y:tv^)'j^yy^m\z^y)mt 

mi 7(D±.\zyt h UvT, h<Dn^-y^mmLfz'ik. 

xy5^>i^ffl-77,:^ 1 i^m^t^. ^(^mythui? 

Xhm^^Lmitmi 7^-77.i7jltUTn®l 6©1 
^m:]^y^y{f^ffti.^Tm7 (d) fc^f ck^iic, n 

mi Q'pizms u.mcDm-^(Dm^m^t^. ^©ir.s^ 
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$:-8 CC— 1 5 0'Clr!^abTy7Xvx->?>if . 

[0 0 4 6] (^) $ ^, \z:i^mmm 1 ©HiS^Jg^CD 
^■g-tl^^fCTEOS, TMOS, TPOS^O^tSv 
Un>y-7.^Jl!^tbTCVDffiT^7 (e) t'S-T 

[0 0 4 7] (A) g^fc, lIoaS^HS (f) tSR'lO 
t^^\ZW-mt^'fff3.^fz.^. 1100~1 3 5 0"C© 

ttJiiifSr-^MU, CVDH^fcl lOCC^lSSCC 
(f) tCxT^TirpfCAVTl^-^ h7>v7,^^^fi£r 20 

■s. 117 (f) \z'(m'mmtz.t>\zjL^y^^mmM. 

[0 04 8] 8 l**%BJ(DS 2 (7)||iEOJg^(c«^S n 

* '^-XM^2 1 tnZlU:J7^'|i:^l etOfa^T-CDp' 
- n a-g- t^tjS; L 7c T E iJ' — > O U - S-SJ^ 



^-y<D^^:i—]^-mmtz 50x240 Mm-u^-s. 

*%§^©iag|gH (1 1 0 Or-l 3 5 0"C) t:fel,iT 
P* -nS-&©U-i7^jiit(S 1. 7X10"' A/cm' 

ttiiij s nx I' i -5 d t § ; 

[0 0 4 9] 3 OlliS©?^,^) 09 (g) tt2js:%BJ 
com 3 O^SS©Jgl{c#5^^^i-^i#^<^StS(08^®ia 
09 (a) ~ (f) tt09 (g) tCSS^TOSig 

0?^^C*51,>T«B i CMOS««[HlgStCii^-r5:i^ 40 

ESS. #mSI«h^>v'7,^ (S IT) ««lHl?&^(Ct) 

«) ^T, S9 (a) (r^-r=fc-5fC (10 0) ffi^Ef 
^o®;^{i©^lo±g® (SS) fectt;S2©iS® 

M) ?;»UfcnS->U3>a^S (i|i^#:S«) 2 3 
Srffl.^-rs. ;iCDnS>'U=!>Sffi23©«M(mi© 
iSffi) (CCVDSfciOJP^ 1 Mm®S i O, use 50 
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^^mt^. CVD«TEOS, HMDS (Hex am 
ethydisiloxane;Si, O (C 
H, ) , ) , OMCTS (Octamethylcyc 
lotetrasiloxane;c (OSl (C 
H, ) . ) , ) ^©*t|->Un>y-7.^ffii.iti«=k 

[0 0 5 0] (n) ;^{cg|9 (a)©Si02 CVD^ 
L7tnM->Un>SS2 35:1 1 0 0"C~1 2 0 Or, 
N: #H^4'T2B#rBl«j^b,fiMS-r5. -e©^, S® 
S:K§IH^$-tt:^c*J60«Stt6<jJ&UC{b^fi5Wa (CM 

?) m^^m^^^xmim^Q. s wm©jp${c¥s-fkL 

T, aSS-^ (iJAT rs,DBj tti^) ffiK<bM2 5^ 

0 9 (b) \z7Rt^o\zmm^, 
[0 0 5 1] o\) :k^, ^m^mmzmmLtz'y u 

>««2 6 S:SiJ{CfflSL« SDBffl®?<t:K2 5<£^)-tT 
E9 (c) fC^-rJ:5(CnSvUii>S«2 3 ->U 
3i>gS2 6 <!:^SUtft!;!3-&fc-&, llO.Ot:Tm 

m-~2^mmMwt^^t\z^r), sDBSs^jg^r 

^>"Jn>S«2 3©aM (m2®^S®) ^WULT 
n^->iJ=i>S«2 3®JP^9-*U Atmi^£-5J;pt, m 

1 0 0'C£^±TfT;5:Atf, *K6tlH±IB (n) ©jlft^aa 
tm^tS.^m^n^Z.tt'^X^^<D-Q. ±f2 (P) CD^ 

nltg-e«.^). ^>tft5!3-&*:)-ii-B#cDia5!lSI^ 1 2 0 Ot:}; 

h^^-^\t^y)'tt)'\ti^<D^MW^i 1 oot: 

tl 2 0 0'C©2aii^T.ff5:i<!:'bnJtgt?^S. 
[0 0 5 2] (X) iJ:(c0 9 (c) ©t^gg^&iTffite 
139 (d) 0i-5tn^->iJr3>St£2 3cDSM 
(^2©^^®) S:±i-r-5„ ClOSDBffifCcfcDJg;^ 
UfcnM->U=i>Sffi2 3®m2ffl±gEt3 0 Onm 

^I^STS. ^■pbTf#;t^®?ftlll 7 i£v7;i7<!:LT 

cci, , SF, m\z^^RiE^m^^x. 119 (d) 

fr^Tcfc-St, nM->Un>sk2 3©-?$&: SDB 
MK^!:K2 5*?Sfcti-rsST§g$ 1 wmx>>5^>/^L< 

[,0 0 5 3] (^) 'A\Z. mB (e) IC^fi^CTE 
OS. TMCTS (1, 3. 5. 7- t e t r ame t 
h y 1 c.y c I 0 t e t r a s i 1 o X a n e ; c (O 
S iHCH, ) ^ XttTES (Tr i e thy 1 s i 1 
ane ; S iH .(C, Hs.) , ) ^©#^i->ij 3 >v- 
7.^^\>^rzW.S.CVDm (LPCVDfe) ^(CctD. S 
lO, mi^l. 1-1. SumitlSTS. LPCVD 
ii©75^t)DtECR7'^XvCVDfe^ I CP-CVD 
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S iH^ 7it*®->ijn>7K^^t;^i^. S iCU tiEO) 

[0 0 5 4} ('N) i^^iT, CDE)SI?tCjtoTCVD 
SiO, K7^X7f-/\*y5'T*^tlCiOU«6ta 10 

{cgaj$-&, ^9 (f) C^TJ:-5tc¥^S{k$-&-5o 
[0 0 5 5] (h) 09 (f) II:St-t't^©*«->U:3 

tzsb. 1 1 0 0~1 3 5 0'C(C*3l/iTISlffiS$ff;5:5. 

o^©^S^;^f;^ttOj . HCi, iSTctt:^;^, ^Stt 

**XS-51/MiC0. COj T%l^^®igS*^#5.n-5. 
■tT., A'-YTi?— ^T'D-feXSrffll.iT, ^n-?nCMOS 

ESS, /wjj^-^nss^sjsKtna, 09 (g) ic^r 
^oUB i cMos*a[His§*s^fie-r-5. 7^*5, ±fs 
(p) oxs(c*3tt-5 110 o'c~i 2 0 orcojajas 

5r*BgLT, .±fE ( h) OXSC^tj-^) 1 1 0 0"C~ 1 

.3 5 o-cciaffiST'fs^LTfc, mi^mmos^^m 

[0 0 5 6 ] e^±I»?gbfcJ;5(C^T:$i-ii^Mi:bT 
*«->'J:3>V-7., mA.iiT EO S ^mntLTcCV 30 

^^^^ jg^M^4= fc j^fiE $ nfc p n g-&(75 'J - ^ msft© 

MSrl. 7 X 1 0-' A/cm' KTtCfiT$-&SC:t*^ 
Tt, B i CMOS««lHlS&®iK14tg^l:75^*ST#'5. 

[0 0 5 7 ] fsiii, '±^s,m 1 ~m 3 omnommizioiif 

SU^gg$dt75U«ifgl, tr^1-§77.^i7 hJtd/1 40 

tsu ouy(Dvm\zmsb]hAyt£m<m^^9^m<DmMm 
(1 1 0 or^ 1 3 5 0*0 }c:fei.iTfiffis-rn 

1 OOTometfiiaStRUTii.^, tj.ii. SIIOIC 
^Tck^lClOOO'C. 1 0 5 0'C^CD*%?!(75i»:5aS 
*frW^H^1-cD«-&tt, 7X^i7hitd/l, *n0Ji^ 

[0 0 5 8 ] lai 3t±-^^r|^]©^'f > • 7^ K • 7,^ 50 
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1 l(D^t\zm^rzy^ > • 7>K - 7,^-;?, ■ /'?r5'— 
1: (Dit^O. 0 0 3~l.OOrB'3TlS-ft;$1!-Ta«ji^ 

01 1 (a) (i01 1 (b) OX-X::&fS]8lfSEl 

x$>^. zco^'^^m>'U=!>v-7.^mntLrzCY 
Dmx'mitm^vm'pizmtt>&^. looo. 105. 

0, 1100, 1200, 1 3 5 0"CT2^K05^MS 
^ff-oXit^Lfz'^m^m 1 3 T$>5. la 1 3 iZ^K-tJ: 
^(Cl, / I, *n. 5Jit±T^|i||«ti^jDLTti?,. U 

^©ipll, CDl. 5 fgE^TT^^;*^^ 0 , CKDlgH^f, 
tf. ±fBmi~ll3 0||^OJg@IC*5tt-5 1, /I, Jit 
^®{l€rttScCS*?LTfflliTfej;l/i. 1, / I, ^ 

1. 5 tti^^mS-^®:^-!^]®^-^ • 7>H • 

2\Z^t^^\ZX-X:&f^<D7-1 > - 7>K • Ts-^-X 
• /'?:$'->i: Y-Y::5!«i]07'r > • 7> h* • T^'^l-X® 

/ 1 ,x x« 1 „ / u ?)ffiOiJ>;^c < i "b-iSr** i . 5 
£tTT$.n«J:t.i. m 2©J;5;^/'?5'— >ttMOS • 
DRAM^X'R^mi/-^^'->X$>^o 

[0 0 5 9] im4(Dmmo:>m^) mi 4 ce) 
i^oB 4 0mm<Dmmiz%^m^^^^m^mm.(DWim 

mx\ mi 4 (a) ~ (d) Umi4 Ce) CM-£>^t' 

j^ffi t:*5 1' i T c M o s *aiEi8s ffl r •£ « 

-&lC'r)liTi5JHjr-5*^ nMOS (««[ElgS) ^ffiODM 

os^aiHiES, A'-r 3}?-7*?iisig§, B i cMos«« 

T*-5„ *^§^®m4®SIIS®J^^fC«-g)CMOS^« 

«) ^-riai4 (a) irs^fi^ic:. micD^^m 

(10 0) ffi->'j3>5«2 3$^.^u^ -^-wmiroiE 
s®®F;fs®*Rfficsg$i . 2~i. 5 umovm^m 
^r^. '^^(Dmmt\tm:m\zm'?-»mm.^tti^i^ 

fi)fi:t>^*T*S. C®Vig®J^fiS;{i^^c7):;^ft; 
XtS, nM->Un>Sffi2 SOS® (miOaES®) IC 

1 5 0~3 0 0 nmrofiK-ftK^rJg^fSlL, 7^hUyi^ 
7 7^'tetCcfcO> SiSE<t:IK®^S®gi5^i-^x<>5^>//|^ 

2 3^KOH, *5l/i(Sx5=-U>>'75>tfD;tiT-3- 

(EDP) m-^^\^^x^ij>&:LvJ->^tti\t^\.\ 
ti^. ym\i-mxhD. *%Bj®si~m3®sjs® 
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m^tmmzumT'h^\,\ vm<Dm-^\tcc i, . s 

i C 1, , P C 1, . SF, ^iP^l^^tzRIB'PBCR 
^^.>Jiy^>ifl^m^l. 2~1. 5iimtr£^^o 

S, DADBS. OMCTS, TMS. HMD^C^tS 

\t^^(Dm^-$ tiTi^ti\/^w-m^(Dm^'^^'>o, t£^^ lo 

«>"j3>CVDffi®A>fcO{C^flj;97;^ (SOG) § 
7. tf > :^ {c ci; D b T t) ck 1. 
[0 0 6 0] (P) :k\ZSl 4 (a) ©S i O, CVD 
Srbfcn^S^U D>Sfi2 3Sr 1 2 0 or, N, 

'pr'2mr^mwL»Mmt^, ^(d'^. mm imzo^ 

MSrO. 3 /fmCD^^tC^fflYtUT,. SDBffi^{t:K2 
52riai4 (a) iZ^t ^ olZj^gS^t ^ . C©^©#H 

t$CO. CO: T=£)l^«(^iem*tf*f,n-5. 20 

[0 0 6 1 ] u\) mz, mmti^mizmmLft'y u 3 

>&^2 e^mz^ML. SDBffi^-ft;li2 5$::fM,T 
014. (c) iZ7rir^ziiZnm'~>'J 3>mm2 3 t. 
Un>SS2 6 iSrSl^itClAO^fc-a-, 1100'C~1 
1 5 O-CTS 0^^—2^f^|Sftffl3i-rs;ii(Cj;0, SD 
BSSS:?i^t--5. C:®«JE (X^) L75:t(cliT/^;U 

1 P aST^SBELT, 8 0 0'CICfel'iT± 3 5 0 VOD/-? 
Jl'T.m/I^ 1 0 ^i-Sg93jDTn«i . 

[0 0 6 2] Cn) i>:tCn^^-Ui3>»«2 3©g® 30 
(II2©^S®) i&WSb> na>'iJzi>S:K2 3C5S 

®«M{cSDB^S?.fbM2 5<^)-gg;5^^{il-r-g). 014 
(d) «:icDtt^®StSOg'f®0gr5^r7iS. 014 
(c) i±Til^^iSeeLT, ±{l!f(CnM->Un>Sffi 

2 3At{£s-|-5j;5(3^j.-3^^,^^ LfcTj^oT. ^OI 
Si:=fc<9, nS->Ua>SS(D|l2®=£aSt. 
i5^^{bK2 5TjgHSa^nfe«^Jg«£tii®2 3*t^fig 

[0 0 6 3] i>:(c014 (e) \Zm-tiiOfimi^- 40 

©MO S yP-iiT. t^T^^J^^g^l^ 2 3 OrtgKt p 
'yx.JlS l=^m0SiL. ^e{Cp":>x;U3 lOf^SBfCn* 
V-;^/h*K>ffi^3 2, 3 3. ^^J^jjffi^a 3C5 

m JJ?U->U3>y-h^S9 8. 9 8, ^mSi^t: 

m^-ttiit. ^%s^<DfB4(Dmm(Dmmiz^^cMos 

[0 0 6 4] *:%BJCD|| 4 <Dmm(DmmTit 1 HO^-tS 
vU3>J^CVDr£ (t)L<ttSOG®m^!J) ICj;OS 50 
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(a) ~ (g) iZ7rsbrz^3<Dmm(Dmm^K)hxm^ 
*m:i>L. ^<D^±mitf)m<^^, t^fzm3<Dmm(D 

[0 0 6 5] *?t*ffi->U^>JSCVDfettg3|%iatt 
bfcSS?lrffil-iT, ^0¥ffiS(ciK^$ti-r(zSO I S 

[0 0 6 6] ^^m(D^4<DMm(ommT'vm=s:mv^T 
o^^Tfcr5;I<!:.*^^(ftu^.ic<i:ttfc•fe5^1?*5, ^ 

Iv, t ©it d V /'l *tl omT*W*L.I/i. 
[0 0 6 7] i;^±ifiBJtfcJ:5(cCMOSma[iISS}c43 
V^T. ^^^i-gi*61iMiLTTEOS^®:i-<S->'j3> 

v-;^ ^r^^t Lfc cvDiz^^mmuw^m^^^m-^ 

<^^^&i&xmizm^^Mm'ptz:^\rf^m&(D%^^ 
4 <Dmm<D^m\zj:tMm'f-mis!imm'Px(Dms^^titL 

Pngf ©ij-i7^gf£c0ft$.l. 7X10-'A/cm' 



[0 0 6 8] t£i5. ±IB*^HJ©mi~^4©^iS©Jg 
liC:fe ^> T a^JE C V D SXtS L P C V D T -> U 3 > 

m^m (s iO: M) ^*a$itfcig^tcoi,^TiK?gb 

SiO, ©CVDiJJK^iCVDfeTfefi^fjpCt 
MStSiS^-tt, Sffii&g$-*ia&^©^;^t;T©-4 

0 1: ic u , -> u n >mtm^mm^ittim. t,^. ; ?s*g c 
VD^, ^m(D^i'-m4<Dm(Dmmtmmz&>-M 

>stss:iis. B^titii^mmtLTzmmmt^z^-DX 
vM'^izsiO: m^m^LT'h^t^K c:©«^fe±ia 
^mmoj^mtmrncDi i o o"c~i a 5 ox:xcDm^ 
m.^fffj.A.\i.- iti^©^^*tfiiin-5o 3^, y^XTc 

[0 0 6 9], 
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±(DMosmm^^. j-^-^t^-ymmm. bicmo 

^?nfcp ng§-g-W'J-i7m«t®tt?: 1. 7X1 Q-' A/ 10 
cm' &,T\Z&T^-&^Ztt^T'^, MOSLSI^A* 

csii] :^%mcDmio:)^mo:)mm\zm^uosmm^ 

[^2] mtb&^mitmo^ndn^miSimtm'^mmmmz 

^^$nftvni^'^(DV-i7n,mt<Dm%^yjktm-c^ 20 
■■-5. 

[12 5] ^■e>t![a®#tf-^'®«5j-^mo, ^{fcM 
[116] ^in.S^c=t5X-y9^>^Sgffl^{t:§r^-r^-p 

[US] aai)ji*K{klK©S^MSSgi:m^J^^ffl«»C 
[0 9] *:%§§®m3<7)|li£roj^?JC^SB 1 CMOS 

[010] S^jX'^i? hJ±ti(:?f|^gt©ii#^^-r 



[SI 1] »CDt§<i:^^J^^igS(Di|iSiCDg5^^^f EIT 

[012] 2CO:^f6](C^-r > • 7>K • :^^-7. . A 
- >*J?f ST ^ ^£5^f ¥Si0 T . 
[013] 011 a«01 2) iC^Ufc 1, /I 

[014] *%?^O^4®|l:^(DJ^^(-^5CM0S^ 
«[HlESfflOSiA^^^^g|i^^^Sg©SiiX@i&3^1-0 

[015] '^m&m t bxftawnc locos m\z^ -a 

[016] t;e*©m^^»glS«tr:felt;5efir®%4 

[??#cDli5H^] 

5, 13 pS->U=i>5m 

6 urn 

7, 7 1, 7 7 Mib&^mm 
8 

1 2 efi: 

14, 17 mtm 

15 n* 

16 nXtf^'4^->^;UjsES^ 

20 n* DUi7^7mSlJt3l±iL«gJ|J 

2 1 p^-xmi$, 

2 2 n' XS-^/^'M^ 

2 3, 8 1 ->'Jz]>Sffi 
2 4,2 5 SDBffl^{b« 

2 6 ■ nm->V3>m^ 

7 8.7 9 @PB^^igk« 

8 2 K^bK 

8 3 m^mgimm 

8 8 gfkK 

9 1 n' y-7,®i|? 
9 2 n* KU-f 

9 3 v—7.mm 

9 4 h* U-f >||g 

9 8. 9 9 y)iVi^'Jzi>'tf-hmm 



[015] 
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